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X II
GENERAL ABSTRACT
The reproductive and feeding biology o f  five syngnathid species o f  the western 
Atlantic were studied: the pipefishes Svnpnathus fuscus. S. floridag. the lined 
seahorse Hippocampus erectus o f  Chesapeake Bay; and the pipefishes S, folletti and 
Qostetlius lineatus. from southern and southeast Brazil, respectively. Mate 
syngnathids incubate eggs received from females in a ventral brood pouch, females do 
not play any additional role in parental care after mating. Tilts natural sex role 
reversal is a unique characteristic that all male syngnathids have, In other fishes, 
parental care is usually a female prerogative. Most pipefishes are polygamous, while 
seahorses are monogamous.
Svnenathus fuscus. S. floridae. and I!, erectus have a protracted mating period 
from May through September in Chesapeake Bay, which varies with environmental 
conditions and eclgrass biomass, Female S. fuscus are dimorphic, gravid individuals 
undergo morphological and morphomctric adaptations for mating. Female 5 . floridae 
and H. erectus are monomorphic. In both, S, fuscus and S. floridae. total sex ratio 
was skewed toward females, but the operational sex ratio was skewed toward males . 
Total and operational sex ratio in H. erectus were skewed toward females. In female 
S, fuscus (123 to 255 nun TL), fecundity was from 101 to 1,643 oocytes, whereas in 
males (S3 to 189 mm TL) fertility was from 22 to 870 eggs/embryos. In female S. 
floridae <116 to 189 mm TL), fecundity was from 38 to 818 oocytes, whereas in 
males (91 to 176 mm TL) fertility was from 15 to 820 eggs/embryos. In female U- 
erectus <60 to 123 mm TL), fecundity varied from 90 to 1,313 oocytes, and in males 
(80 to 126 m m  TL) fertility varied from 97 to 1,552 eggs/embryos.
Mating period was not defined for 5- folletti. Total sex ratio in this pipefish 
was skewed toward females, but the operational sex ratio was skewed toward males. 
Fecundity in females varied from 30 to 219 oocytes, and fertility measured for male 
brood pouches was from 26 to 181 eggs/embryos,
Mating period was not defined for the estuarine and freshwater populations of 
the opossum pipefish, Q_ lineatus, Male opossum pipefish develop different 
coloration in the snout, In hoth populations, total sex ratio and operational sex ratio 
were not significantly different from the expected 1:1 ratio. Jn the estuarine 
population, fertility varied from 49 to 508 eggs/embryos (males from 10 1 to 
165 inm TL), and in the freshwater population fertility varied from 280 to 897 
eggs/embryos (males from 119 to 508 mm TL),
Excepting O, lineatus. females in other pipefish species appear to limit males 
reproductive success. In the seahorse J], erectus, most females do not have the chance 
to find a male inside Chesapeake Bay,
In all syngnathids, snout size and width limit predation to small size prey. 
Syngnathus fuscus and H. erectus fed mainly on amphipods (Gammarus mucronatus, 
Ampithoe lonpimana. and Caprella penantis), Svnpnathus floridae fed mainly on 
grass shrimps (Palaemonetes pupio and P, vulgaris). Southern pipefish fed 
predominantly on copepods. The estuarine population o f  O- lineatus fed m ore on 
stonefiies, whereas the freshwaier population fed more on mayflies.
X II I
REPRODUCTIVE A N D  FEEDING BIOLOGY OF SELECTED  
SYNGNATHIDS (PISCES: TE LEO ST El) OF THE 
WESTERN ATLANTIC
]
2GENE HAL INTRODUCTION
The family Syngnathidae includes the pipefishes and seahorses. In general, 
syngnathid fishes are typically slender and elongate <jasierosieifbrmes, wilh o r  
without a prehensile lail, a body armored hy dermal plates, with a terminal or 
protruding snout, and a small mouth with edentate jaws, and wilh a reduced gill 
opening (Dawson, 1982). Most syngnathids are marine, some species live in 
freshwater, and a few species inhabit both environments during their lifetimes.
Syngnathids are recognized by their unusual methods of reproduction, Male 
syngnathids incubate eggs received from females in a hrood pouch, which may or 
may not have ventrolateral extensions, Fertilization of the oocyies occurs inside the 
hrood pouch, and females do not play any further parental role after mating. In the 
brood pouch, eggs are protected, aerated and nourished by a placenta-like structure, 
until the embryos are ready to be released (Leiner, 1934; Linton & Soloff, 1964; 
Kmncster-Frei, 1975; Ilaresign & Shumway, 1980; Quasi & Howe, 1980; Berglund 
et a h .  1986). Brood pouch shape varies among syngnathid fishes, and this leads to 
interspecific differences in reproductive tactics and strategies, such as simultaneous or 
sequential polygamy, or monogamy.
Most studies on the biology and ecology of syngnathid species have 
concentrated on two pipefish species inhabiting the easiern Atlantic: Syngnathus 
typhle and Nerophis ophidion (e .g .,  Berglund et al., 1986a: Berglund et a].. 1986b; 
Svensson, 1988; Berglund et aL, 1989; among others). A few studies on syngnathid 
species have been done in the western Atlantic focusing on the reproductive biology;
3unpublished studies by brow n (1972), and M ercer (1973). Some studies have 
assessed the feeding h in logy o f  Western Atlantic pipefishes, focusing on describing 
the diet or making some inferences about food partitioning (Reid, 1954; Brown, 1972; 
Mercer, 1973; Brook, 1977; Ryer & Orth, 1987).
In iwo pipefishes from Sweden, Syngnathus tvphle and Nerophis ophidion, 
sexual dimorphism was attributed lo the consequence of hoth natural selection 
(increased fecundity in females hut not in males) and sexual selection (males prefer 
larger females) (Berglund et al., 1986). Sexual selection was first recognized by 
Darwin (1871), who defined it as "the selection on characters giving certain 
individuals an advantage over others of the same sex in obtaining successful matings". 
According to Trivers (1972), Darw in’s treatment o f  sexual selection was sometimes 
confused because he lacked a general framework within which to relate the variables 
he perceived to be important, such as sex-linked inheritance, sex ratio at conception, 
differential mortality, parental carc, and Ihe form o f  the hreeding system. Darwin 
excluded several sorts of selection that also lead lo sexual dimorphism, such as 
selection on characters involved in caring for offspring, or on male characters 
essential for maling and hence not advantageous solely in competition wilh other 
males (Partridge & lEalliday, 1984).
Rccenily, Thornhill (1986) redefined sexual selection as "a nonrandom 
differential reproduction of individuals resulting from differential access to mates or 
the gametes o f  mates". He also pointed out that nonrandom reproduction is important 
in distinguishing sexual selection from drift, a random process o f  differential
4reproduction, T w o categories o f  sexual selection of male characters were suggested 
by Darwin (1871): Intrasexual selection, which includes evolutionary characters 
involved in winning in combat against other males; and intersexual selection, those 
characters important in attracting females, [ntrasexual selection (male-male 
competition) and male choice (female choice) are the principal mechanisms of sexual 
selection. Mate choice also includes both choice of a conspecific, o r  choice between 
conspecilic mates (Smith, 1987).
Mate choice may be operationally defined as 'any pattern oT behaviour, shown 
by m embers o f  one sex, that leads to their being more likely to mate with certain 
m embers o f  the opposite sex than with oihers" (Halliday, 1983). Mating systems can 
be classified as: 1) resource defense polygyny, which is the defense o f  a resource that 
females require; 2) polyandry, which is a mating system with roles reversed from 
those o f  polygyny, where females have several mates, and where there is parental 
care, usually undertaken only by the males; and 3) lek mating, where any parental 
care is undertaken only by the females, and males defend neither resources nor mates 
(Vehrencamp &  Bradbury, 1984). Some pipefishes arc polygamous, others may be 
monogamous, and seahorses are thoughl to be monogamous (Vincent et al., 1992). 
Sexual selection is relatively slight in monogamous groups, while it is intense in 
highly polygamous societies (Rmlcn & Oring, 1977).
Darwin (1871) pointed out that in sexual selection males compete for females 
and females would choose between males. He tried to explain the evolution o f  male 
secondary sexual characteristics such as weapons for fighting and male adornments
5that are used to attract the females. However, males compete for females in other, 
more suhtle ways, such as by holding larger or better territories or by courting 
females more vigorously or persistently (O’Donald, 1983). In these situations, female 
mate choice is one o f  the primary mechanisms o f  sexual selection.
Individuals nf both sexes must compete for successful I mating opportunities. In 
populations where mature males are more abundant than mature females, theoretically 
females will be the limiting sex for male reproductive success, and vice-versa. In a 
majority of dioecious animals, males and females differ in size, but there are large 
variations in both the magnitude and direction o f  size difference among sexes of 
different species (Rosenqvist, 1990). Sexual dimorphism in color and body shape has 
hcen observed in some syngnathid species. The "handicap" principle claims that male 
ornaments provide females with information about hcritahlc male quality, allowing 
them to mate preferentially with better adapied males and so bear m ore viable 
offspring (Iwasa el al., 1991). Sexual dimorphism may result from different forces' 
natural selection, reduced intersexual competition for food, and sexual selection 
(Rosenqvist, 1990), Sex differences in size and growth provide unreliable estimates 
of differences in parental expenditure, since growth priorities and body composition 
often differ between the sexes (Clutlon-Brock, 1991).
Paternal care is another important component o f  syngnathid reproductive 
biology. Parental care is defined as "any investment hy the patent in an individual 
offspring that increases the offspring’s chance of surviving (and hence reproductive 
success) at the cost to the parent's ability to invest in olher offspring" (Trivers, 1972).
6When male parental investment strongly exceeds that o f  the female, one might expect 
females to compete among themselves for males and for males to be selective about 
whom they accept as a mate (Cluttun-Rrock, 1991). Only about 84 families o f  bony 
llshes (ea. 20% o f  all families) exhibil parental care, and the sex o f  the care-giving 
individuals varies according to each particular species (Dlumer, 1979)r Parental care 
is more common in freshwater fish families than in marine families (BayMsf 1981; 
Blumcr, 1982),
Sex role reversal is evident in syngnathids, since males perform parental duties 
that are usually considered a female prerogative in other tcleost species, The general 
definition of sex rote reversal is that situation in which male or female are performing 
behaviors or biological activities that are typically done by the opposite sex.
Recently, Vincent et ah (1992) redefined sex role reversal in syngnaihids. Contrary 
to the common paitem, sex role reversal in these fishes occurs when females compete 
more intensely than males for access to mates. They also noted that parental care is 
not synonymous with sex role reversal. Furthermore, these authors also pointed out 
that Ihe best empirical predictor o f  sex role reversal is the operational sex ratio (males 
reproductively available vs. gravid females). Operational sex-ratios have not been 
examined in detail for syngnathid species.
The survival, growth and reproduction o f a fish depend on the income of 
energy and nutrients generated by its feeding activity (Wootton, 1991). In 
syngnathids, constraints imposed by snout shape and width limit predation to small 
size prey, generally small crustaceans and insect larvae, according to the habitat
7where each species occurs (i .e .,  marine, esiuarine, or freshwater). For prey to 
appear in ilie diet, they must be available and accessible given the constraints o f  ihe 
morphology and sensory capabilities of the fish (Wootton, 1991). Pregnancy in male 
syngnathids can affect the rates of searching and the ingesting prey, when compared 
to those o f  females, In S, tvphle. occurring in Swedish estuaries, reproducing 
females consumed significantly more large prey compared with that eaten by 
reproducing males and non-reproducing females (Svensson, 1988), Reproducing 
females also had a higher individual activity in searching for food than did 
reproducing males and non-reproducing females. Steffe et al. (1989) also found lhal 
in two pipefishes o f  Australia, Stiematopora argus and S. nigra, females o f  both 
species had more food in their guts than males. This aspect of feeding activity 
between sexes has not been investigated in syngnathids o f  ihe Western Atlantic (Reid, 
1954; Brown, 1972; Mercer, 1973; Brook, 1977; Ryer & Orth, 1987).
The present study was undertaken to determine some aspects o f  the 
reproductive biology and Ihe food habits of following species: the pipefishes, 
Svminathus fuscus and S. floridae. and the seahorse, Hippocampus erectus. most o f  
them from the lower Chesapeake Bay, Virginia; and the pipefishes S. follettj o f  Patos 
Lagoon, south Brazil; and Oostethus lineatus of southeast Brazil, including a 
freshwater and an estuarine population. The varieiy of species examined in this study 
provided an interesting comparison of reproductive and feeding biologies represented 
among syngnathids occurring in the Western Atlantic, and il allowed for the 
determination o f  the range o f  variation encountered in fecundity, fertility, and
operational sex ratio. This study also provided opportunities to examine a variety of 
reproductive factors including sexual selection, mate choice, sexual dimorphism, 
parental care and sex role reversal, occurring in this group o f  highly-specialized 
fishes.
This dissertation was divided into seven chapters, which describe different 
aspects of the life history o f  the five syngnathid species studied here. The first 
chapter describes the mating periodicity in S. fuscus and S. floridae of the lower York 
River, Virginia An explanation o f  total sex ratio, operational sex ratio, and sex role 
reversal are considered. The second chapter is an intra fbeiween sexes) and 
interspecific comparison of the fecundity and fertility in S, fuscus and S. floridae.
The Ihird chapter assesses the food division between S. fuscus and S. floridae 
inhabiting a local eel grass bed in the lower York River. Differences in diets between 
sexes, among length groups, and among months is provided. Also, the amount o f  
food ingested by both sexes of the two pipefishes were compared in order lo assess 
possible differences in food intake between sexes. The fourth chapter describes ihe 
hisiology of the brood pouch oT the male northern pipefish, S. fuscus. A comparison 
o f  ihe brood pouch in different stages o f  pregnancy is provided. The fifth chapter 
describes reproductive and feeding aspects of the lined seahorse, i l ippocamnus 
erectus. of Chesapeake Ray. Data on abundance, reproductive period, fecundity, 
fertility, and diet are provided. The sixth chapter describes comparative data on some 
reproductive and feeding aspects of the breeding population of southern pipefish, S. 
folletli. o f  the lower Patos lagoon, south Rrazil. The seventh chapter compares
9aspects o f  reproductive and feeding biology o f  freshwater and estuarine populations o f  
Ihe opossum pipefish, Oosteihus lineatus. o f  southeast Brazil. fertil ity  in male hrood 
pouches and the diet composition between hoth populations were compared, as well as 
the amount o f  food ingested hy males and females o f the freshwater population. The 
last section, the general discussion, provides comparative information on the 
reproductive and feeding biology o f the five syngnathids studied here. Wherever 
results permitted, aspects o f  sexual selection, sex role reversal, mate choice, 
operational ^ex ratio, and differences in diet were compared among the species 
studied, o ther syngnathid species, and other telosi groups.
CHAPTER 1
M ating Period in Two Pipefishes, Svngnathus fuscus and S. fioridae 
(Syngnathidae) of the Lower York River, Virginia.
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ABSTRACT
Mating periods in northern pipefish, Svnpnalhus fuscus. and dusky pipefish, S. 
floridae. were studied in the estuarine celgrass heds of the lower York R iver from 
May 1992 through Septemher 1993, f o r  hoih species, ihe reproductive period seems 
In vary according to hydro-chemical and eelgrass biomass variations. Males of both 
pipefish species incubate eggs in a ventral closure brood pouch, and females do not 
play any parental role after mating. I'emale S, fuscus are dimorphic. G ravid females 
arc broader and have a different color lhan non-gravid females. Mating period for S. 
fuscus occurred approximately from April through September, with peak gonadal 
development found from May to August. The total sex-ratio o f  S. fuscus was skewed 
toward females, but the operational sex-ratio was significantly skewed toward males. 
Svngnathus floridae is monomorphic, and its mating period and peak gonadal 
development were similar to that found for S. fuse us . The total sex ratio for S, 
floridae was proportional between sexes, but Ihe operational sex- ratio was 
significantly skewed toward males. In both species, males seem to compete for 
access to females for mating, whereas females are the limiting sex for male 
reproductive success Recruitment for both species starts in June. Males o f  both 
species have sex role reversal. Monthly variations in the operational sex ratio 
suggests it no lo be a good predictor of sex role reversal in the pipefishes sludied 
here.
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INTRODUCTION
The breeding system o f  an animal is defined by a combination o f  two factors: 
mating, which is defined hy the number o f  members of the nppnsile sex with which 
an individual mates, and the extent and type of parental care, because care-giving may 
interfere with further opportunities for maiing (Turner, 1986). The breeding system 
vary in different organisms, which leads to different strategies in mating choice and 
competition or conflicts for access to mates, according to the reproductive limils o f  
both sexes. The rate of female reproduction limits male reproductive rate and males 
compete to male with females, promoting traits which enhance male mating success, 
either by competitiveness hetween tnales or by attracting females (Rosenqvisl, 1993).
Animal counship appears to serve several distinct functions that can be 
grouped into three main categories: I) attraction and identification; 2) arousal, 
appeasement and synchrony; and 3> long-term effects, such as pair bonding where 
males and females cooperate to take care o f  their young (Keenleysidc, 1979).
Courtship behaviors in pipefishes can be grouped only in the first two categories, 
because only males take care of the young and females do  not play any parental role 
after mating. Brood pouches of male syngnathids enable them to provide parental 
care without the need for a nesi or permanent site attachment, which arc typically 
important for fish groups composed o f sedentary species and weak sw immers 
(Fiedler, 1955; Ridley, 1978; Potts, 19&4).
Species that display parental care often have morphological secondary sexual 
characteristics that will increase the chances for mating. Morphological secondary
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sexual characteristics are intimately involved in behavioral interactions as both passive 
and active signals, which arc regulated by the endocrine system (Liley & Stacey, 
1983).
According to Vincent et al. (1992), many pipefish species display sex role 
reversal, which these authors redefined as that situation in which females compete 
more intensely than males for access to mates, hased on a female-biased operational 
sex raiio (Vincent et al., 1992). This redefinition of sex role reversal for syngnathids 
is contrary to previous concepts, which generally accepted the idea that sex role 
reversal occurred when one sex was doing something that supposed was more usual to 
be done hy the opossite sex.
In the Chesapeake Bay, pipefishes make seasonal reproductive migrations to 
and from eelgrass beds, Both Svngnathus fuscus and S. floridae migrate in early 
spring to shallow waters, and return to deeper waters in late fall (Mercer, 1973).
Male pipefishes incubate eggs in a ventral hrood pouch, and provide protection, 
aeration, osmoregulation, and nourishment for the fertilized eggs (Linton & Soloff, 
1964; Kronesterd 'rei, 1975; Haresign & Schumway, 1981; Berglund et al,, 1986).
Recent literature has discussed courtship, sex role reversal, reproductive cost, 
and sexual selection in other syngnathids (e .g .,  Cornell, 1984; Berglund et al., 1986; 
Berglund et al., 1988; Svensson, 1988; Ahnesjd, 1992a and 1992h; Berglund & 
Rosenqvist, 1993; Rosenqvist, 1993; among others). Aims of this study were to to 
define the mating periods o f  S. fuscus and S, floridae occupying eelgrass beds in the 
lower York river, as well as to define Iheir reproductive strategies related to sexual
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selection. As courtship is an important tool for reproductive success in syngnathids, 
this paper also attempts to describe changes in color, and morphoinetric adaptations 
undergone by gravid females of the northern pipefish, S. fuscus. In addition, some 
hypotheses are presented in order to identify the reasons for such adaptations.
MATERIALS AND METHODS
Study Site
The study site was located m an bed of submerged aquatic vegetation near the 
northern shore of the lower York River. Samples were taken between Sarah 's  Creek 
and the Coleman bridge (Staiion 1), at approximately 37"24’N latitude, T S ^ S 'W  
longitude (Fig. 1). The dominant eelgrass species is Zostera m arina, and its 
fluctuation in abundance from year to year, has been well described by Orth & Moore 
(1984). From June to August 1992, a large amount o f  delached algae, brought in by 
currents, had accumulated on the eelgrass bed. This same patlern however was not 
observed between June and August 1993, and the seagrass biomass declined quickly 
from June on. An additional sample site was chosen in 1993, which was localed 
adjacent of the Goodwin islands (Station 2), where some eelgrass remained
Sampling
Samples o f  pipefishes were taken from May 1992 through September 1993
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with a 3 nun mesh dip net, during low slack water at depths less than 1 in. Sampling 
periodicity varied from month to month, and more effort was expended during the 
peak mating period, which was defined based on the study of Mercer (1973). The 
distribution and ahimdancc of hoih pipefishes, and this relation wilh hydro-chemical 
parameters were described hy Mercer (1993). Additional samples were taken with:
1) A 30 fool semi-balloon otter trawl; and 2) Crab scrape, f o r  trawl samples, tow 
duration was five minutes bottom time at a speed of approximately 2.5 knots. The 
trawl survey program consists of a monthly random stratified survey of the lower 
Chesapeake Bay, and fixed station mid-channel transects in each of the three major 
Virginia tributaries: the York, James, and Rappahannock rivers (Bonzek et al., 1993). 
Sampling period was the same as that for dip net collection. The crab scrape was 
used from June through September 1993, Sampling ceased in September because the 
eelgrass hed was almost completely gone during this month. Collection data for all 
samples are summarized in Tahlc 1. Temperature CC) and salinity (ppl) data were 
obtained Trom monitoring programs conducted by the Virginia Institute of Marine 
Science (VIMS), which records daily, or near daily, data from the lower York River 
(Gary Anderson, pers. commun ).
Fishes were preserved in 10% formalin for a maximum of 24 h, and then 
washed and transfered to 70% ethanol. Laboratory procedures included: identification 
of species based on Dawson (1982); measurement of each specimen for total length 
(TL in mm), total body and gonad weight (0.001 g). A visual gonadal scale was used
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Fig. 1.1. Map of the study area in Chesapeake Bay, A) Area sampled from May 1992 
through September 1993 hy the trawl survey program; B) Area in the lower York 
River sampled with dip net and crab serape.
Trawl Survey Station Locations
DAY - U P P E R
Y O R K  R I V E R
D A Y  - J ,O W E ;R
J A M E S  R T V G R
D A Y  - B O T T O M
U O T E :  F i f u i u  i n  l e d l c i U  r i v e r  i q U m  4
F i f U r c f  l a  P i y  i n d i c a t e  *LiUOO c u m b e r *
17
to define the stage of ovarian development: J=  underdeveloped; 11= running; 111 = 
running-ripe; IV = ripe; V =  spem.
Tlie gunadnsomatic index ( GS1= gonad weighl/fish weight X 100) was 
caculated and the mean value compared throughout the months, in order to detect Ihe 
peak period o f  ovarian development. Only specimens larger than 119 mm TL {those 
potentially mature) were included in this analysis. Total and monthly sex ratio and 
operational (pregnant males: gravid females) sex ratio were compared and tested hy \ z 
analysis to empirically detect possible sex role reversal in both pipefishes.
Some female S. fuscus collected in May and June 1992 were separated into 
gravid (running or running ripe), and non-gravid {earlier gonadal stages) to identify 
possible differences in body structure between females of both groups. The following 
measurements were made; size of the seventh lateral lower plate (arbitrarily chosen) 
in both extremities, which were transformed to area {tnm!); and height of the hody 
from the lower to the upper plate. Ovary weights were compared between fish. Data 
were log-transformed when necessary in order to achieve linearity, and they were 
compared by type IE regression. Differences between measurements were tested by 
analysis o f  covariance (ANCOVA). The same measurements were not made for S. 
Uoridae heeause most large females collected were gravid, and there were no apparent 
morphological differences between pre-spawniug and spawning individuals.
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Table 1,1. N um her o f  pipefishes collected in lower York R iver hy month and fishing 
gear from May 1992 through Septemher 1993.
F i s h i n g
Oft at Month
Number of  
S a m p l e s
Number o f  
S ,  tuacuB
S p e c i m e n s  
H . f l o r i d a e
[ l i p  Nftt May/92 2 1 492 205
J u n e / 92 i a 720 106
J u l y / 5 2 1 0 434 223
A u g u s t / 9 2 9 434 217
S e p t e m b e r / 9 2 9 739 290
O c t o b e  r / 9 2 6 326 12B
N o v e m b e r / 9 2 S 64 95
D e c e m b e r / 9 2 3 2 3
J a n u a r y / 9 3 3 0 1
F e b r u a r y / 93 3 0 1
M arch/ 93 i D &
A p r i 1 / 9 3 4 16 8
May/93 0 3 17 43
J u n e / 9 3 7 279 6 1
J u L y / 9 3 e 414 202
A u g u s t / 9 3 6 57 69
S ep tem b e  r / 3  1 2 9 14
SUB-TOTAL 12 S 4 , 3 1 1 1 ,754
T r a w l M a y / 92 - 5 0
J u n e / 9 2 - ID 0
J u l y / 9 2 - 4 0
A u g u s t / 9 2 - 7 D
S e p t e m b e  r /  92 - 5 0
O c t o b e r / 92 - 12 a
Hovembe r / 92 - 3 1 0
OftCerr.be r /  92 - 55 3
J a n u a r y / 9 3 8 0
F e b r u a r y / 91 - I t 0
M a r c h /9 3 - 47 0
A p r i l / 9 2 - 22 2
May/9 2 - 10 0
J u n e / 93 - 16 0
J u l y / 9 3 & 0
Augus  t / 9 1 3 D
Sepbernbe r /  9 3 - 2 0
SUB-TOTAL - 2 6 1 5
Sc1'a pe J u n e / 9 3 2 68 53
J u l y / 9 3 1 29 20
A u g u s t / 9 3 2 14 C 112
S e p t  e m b e r / 93 4 109 01
SUB-TOTAL 9 346 266
TOTAL 4 , 9 1 8 2,025
RESULTS
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Abiotic Parameters
Temperature in the lower York River showed higher variability than salinity 
(Fig. 1.2). Temperature ranged from 2.5 in January 1993 to 30,0'C in July 1993, 
whereas monthly mean temperatures ranged from 5,1 lo 27,3"C for the same months 
indicated above. Monthly daily mean temperatures increased from May to 
September, then decreased ahmptly in the following months. Salinity, however, did 
not vary greatly throughout the study period* and ranged from 23.6 ppl in July 1992 
to 10.6 ppt in March 1993, Monthly mean salinity varied from 12.7 ppt in April 
1993 lo 21.2 ppt in August 1992. Both, temperature and salinity tended to increase 
towards the summer, followed by a decrease toward the winter months.
Svngnaihus fuscus
A total of 4,918 S, fuscus were collected, most of which were taken by dip nei 
(87.0%). Svnenathus fuscus ranged in size from 32 to 250 mm TL, and most had 
brownish coloration. Females (n= 2,584) outnumbered males (n=  1,444) in the total 
collection (Fig. 1,3a), Male-female sex ratio was 1.00:1.79, which differed 
significantly from an expected 1:1 ratio (xJ = 322.64; PC 0.05*). The percentage of 
males decreased in samples from May through October 1992, and again from May 
through September 1993 (Fig. 1 3a), A total of 1,164 males were pregnant in all 
samples, whereas only 380 females were gravid. The operational male-female sex
2 0
[■ig. 1.2. Seasonal va rial ions in temperature (A) and salinity (B) in Ihe lower York 
River. Rars =  mean temperature or salinity; vertical lines =  range of temperature or 
salinity.
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ratio was 3 .06:1 .00, which was significantly different from the expected 1:1 ratio 
(X2= 398.09; P < 0 .0 5 * ) .
Monthly comparisons o f  total sex ratio and operational sex ratios are shown in 
Table II. The total numher o f  females was significantly greater than that o f  males 
However, considering the operational sex ratio, the number o f  pregnant males was 
significantly greater than that of females. Percentage comparison between pregnant 
and non-pregnant males and gravid females is showed in Figure 1.3b. Pregnant males 
were predominant from May through October 1992, and from May through August 
1993. For both years, the percentage o f  gravid females was higher at Ihe end of the 
mating season than during earlier portion of the mating period.
The peak period in the mating season for S. fuscus can be defined by the 
seasonal patterns o f  males with brood pouch totally developed, by the number of 
gravid females available, and by variations in the female gonadosomatic index. 
Percentage o f  pregnant males against that for non-pregnant males was greater from 
May ihmugh September in ho ill years (Fig. 1.3c). After September (1992), the 
percentage of non-pregnant males was higher than that for pregnant. Availability of 
gravid females (slage V) varied from month to month (Fig. 1.3d), A few S. fuscus 
females were reproductively active in hoth years, and females in ovarian stages I and 
I) predominated Ihroughoui the year.
Monthly length frequency comparisons showed that there is one modal size 
group in May (Fig. 1.4). Two modal groups were observed from June to September 
o f  both years. This himodality in size distribution corresponds to the recruitment of
22
Pig. 1.3, Proportion o f sexes of Svnenathus fuscus collected in the lower York river 
from May 1992 through Seplember 1993. a) Total comparison o f sexes; b) Proportion 
between pregnant males and gravid females (operational sex ratio); c) Proportion 
between pregnant and non-pregnant mates; d) Proportion o f  females in different 
ovarian stages.
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Table 1.2. Male-female sex ratio and operational sex ratio for the northern pipefish, 
Svnpnathus fuscus. collected in the lower York River from May 1992 through 
September 1993,
O p e r a t  i o n a  1
H o a i t K  n S e x  R a t i o  P n S e x  R a t i o  n" F
M a y / 9 2 IBS 2 . I S 1 .(VO 64 . 59 P^O .OS* iCB i  . 81 1 . cvo 132 48 Pv 0 .05*
J u n  / 92 4 6b ] . 17 1 . 00 2 . 97 F * 0 . O S 281 S . 93 1 . 0 0 14 3 67 Pi 0 . 0 5 '
J u l / 9 2 1 9B ] . 00- 2 49 7 2 . 6 1 F* 0 . 0 9 * 112 3 . 15 1 . 0 0 JO.  OJ Pi. 0 .0 5*
A u g / 9  I 390 1 . 00: 2  79 0 6  . 8 1 Pi 0 . 05 * 170 1 .24 1 . OO 1 . 9 1 P >0 a s
S t p / O i 502 i  . DO : 8 . 47 1 7 9 . 9 7 Pt O 05 * 66 4 .06 I  . OO 24 . 24 P i  0 OS*
cm-i /92 290 1 . 0 0 : 11 . 22 11C . 74 Pen o s * 4 3 .00 1 . DO -
N o v / 9 2 5 6 1 . D Q : t . 00 2 A . 97 Pt O 0 5 * 2 0 1 . 0 0 1 9 . 0 0 -
A p r / 9  3 27 \ ,4b ; 1 . 0 0 0 . 92 P ? 0 . 05 6 1 00 S 0 0
H a y / 9 ) 29 7 1 77 1 0 0 2 3 . 1 9 Pc 0 . □ 5 * 16 1 4 12. 1 0 0 70 . 55 p < a . DS*
J u n / 93 2 6 1 1 66 ; 1 . 0 0 1 6 . 1 9 Pi 0 . OS* 2 0 2 J SI : 1 0 0 6 0 . 91 P < □ . 05 *
J u l / 9 J 3 U I  OO 2 ■ 10 A S  . 71 Pi 0 . OS * 105 2 6 2 : 1 0 0 21 04 p. :  □ . 0 5 *
A u g / 9 1 131 1 . 0 0 1 . 4  7 6 . 1 1 P<□ . OS* 7 5 1 3 4 : i . o n 1 . 6 1 P-.0 . 05
-9Pp /  91 19 1 . 0 0 : 0 . 7 5 2 1 . 6 4 P<□ . OS* 11 1 . DO: 2 . 6 7 3 . 2 7 P * 0 . 05
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juveniles, which occurred until November 1992, and probably not later than 
Septemher 1993 due lo decreased seagrass biomass. Males with brood pouch totally 
developed varied in size from 87 to 183 mm TL, and most were between 100 and 
160 mm TL, representing the majority o f  available males. Females varied front 98 to 
250 mm TL, but most o f  ihem were similar in size to those measured in males.
The GSI in female S. fuscus varied from G, 12 to 30.17 (Fig. 1.5). Mean GST 
was highest (6.82) in May 1992, decreasing to 2.44 in July 1992, increasing again to 
3.58 in August 1992, and decreasing toward the end of the mating season, The same 
pal tern occurred for 1993, but the highest GSI was observed in April, and the values 
decreased until July, and increased again in August.
Non-gravid and gravid females o f  the northern pipefish display different 
coloration patterns (Fig. 1.6}. The upper trunk plates of non-gravid females are dark- 
brownish, but the lower plates are part dark-brownish and part whitish-yellowish.
This pattern (Fig. 1,6} varies between non-gravid females, and differences may be 
associated with different substrata. Gravid females change color prior to mating. All 
gravid females observed had dark-browish upper and lower trunk plates. They also 
had longer dorsal-ventral trunk plates than non-gravid females. As body changes 
advanced correspondig to oocyte development, gravid females developed a hlack spot 
on the anteriomiost few rays of the dorsal fin.
Plate area, as well as hody height, was compared to the total length by 
regression analysis between non-gravid and gravid northern pipefish females (Figs. 
1.7a-h). The lateral lower plate was positively related to the total length in both non-
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Fig. 1,4. Frequency distribution of total length o f  the northern pipefish, Syngnathus 
fuscus. caught from May 1992 through Septemher 1993 in the lower York River.
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Fig. 1.5,  G nnadosom atic index (GST) nT femate northern p ipefish , Synanathus fuscu s, 
caught in low er York River. Horizontal liive = mean GSI; vertical lin e=  range.
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gravid and gravid females (Fig. 1.7a). The equation for non-gravid females was:
Plate A rea=  *5.87 4- 0.68 T L  ( r =  0.77; n = 76). For gravid females, plate area 
was weakly related to total length, and the equation was: Plate Area= -12.02 +
1.91 TL ( r =  0.37; n = 34). ANCOVA revealed that the slopes of plale areas are 
significantly different between non-gravid and gravid females (FYi =  134.20; 
P < 0 ,0 0 0 l  + + *)r
Body heighl was also positively related to the tolal length (Fig. 1.7b). The 
equaiion foT non-gravid females was: Body Heighl = -2,63 + 0,47 TL ( r =  0.74; n = 
80). For gravid females, the equation was: Body Height = -2.02 + 2.31 TL {r* = 
0.81; n =  37). ANCOVA showed that the slopes o f  hody height differs significantly 
between non gravid and gravid females (F ,j  = 20.32; P < 0.0001 ***).
The relation between ovary weight and total length was exponential and only 
weakly correlated to the total length (Fig. L7c). The regression equation for non- 
gravid females was: OvaTy weight = 1.02 x TLlK*M (tj = 0.32; n =  77). The 
regression equation for gravid females was: Ovary weight = 1.20 x t l [MIHI ( r =  0.17; 
n =  39). ANCOVA showed that the slopes o f  ovary weight was significantly different 
between non gravid and gravid females (F =  7.37; P < 0 .0 1 %!K). Another 
characteristic observed for males and females of both pipefish species was that they 
produce sound when collected, which could be important in attracting the opposite sex 
during mating season.
2 8
Fig. l.G, Differences in width and in color in non-gravid (upper) and gravid females 
(lower) of the nonhem pipefish, Syngnathus fuscus of the lower York river (After 
Dawson, 1982).

2 9
Fig. 1.7. Comparisons between non-gravid and gravid females o f  the northern 
pipefish, Svnpnathus fuscus, oT the lower York river, a) correlation between lateral 
lower plate area againsl lotal length; b) correlation between height o f  body againsl 
lotal Length; 2C) correlation between ovary weight against total length.
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Syngnathus floridae
A total of 2,113 S. floridae were collected. Svncnathus floridae ranged in size 
from 21 to 193 mm TL, and most were olive-green in color. Some juveniles were 
hrownish in July and August 1992, during a strong 'red-tide" which took place in the 
lower York river. A total of 628 males, 630 females, and 956 juveniles were 
collected. Male-female total sex ratio was not different from 1:1 ratio (x*’= 0.003; 
lf > n ,05). The percentage of males decreased in samples from May through 
November 1992, and from May through September 1993 {Fig. l.Ha). A total o f  582 
males were pregnant in all samples, whereas only 377 females were gravid. The 
male-female operational sex ratio was 1.54:1,00, which was significantly different 
from the expected 1:1 ratio ( \ : -  43.82; P < 0 ,0 5 '11).
Monthly comparisons of total sex ratios and operational sex ratios (Table 3,3) 
show that males outnumbered females in July in both years. Females outnumbered 
males during the begginning or during the end of the mating season. Considering the 
operational sex ratio, males outnumbered females in July and September 1992, and in 
July and August 1993. Percentage comparison between all males (pregnant and non­
pregnant) and gravid females is shown in Figure 1.8b. Males were predominant only 
during a few months.
Heproductivc period for S. Horidae can also be defined by pregnant male and 
gravid female abundance, and by variations in the gonadosomatic index of ovaries. 
Percentage o f  pregnant males against non-pregnant males was higher from May
31
Fig. I 8. Proportion of sexes in Svnunathus floridae c o l le c te d  jn the lower York river 
from May 1992 through September 1993. a) Total comparison of sexes; h) Proportion 
he tween pregnant males against gravid remales (operational sex ratio); c) Proportion 
between pregnant and non-pregnant males; d) Proportion of females with different 
ovary stages.
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l7ig. 1.9, Total length frequency distribution o f  the dusky pipefish, Svngnalhus 
floridae. caught from May 1992 through September 1993 in the lower York River.
N 
iim
bi
r 
of
 
Sp
a 
dm
 
an 
i 
N
um
6*
r 
of
 
S
fH
d
m
a
n
i 
N
ur
ib
v 
of 
Sp
cd
m
m
 
cf 
S
p
id
rn
tn
t
S ep tem b e r 1092May 1092
i t  4t ig i t  i h  i »  i h  m  i t t  i h
U1al Length (mm)
I t  44 I t  I t  I t t  111 144 l i t  l i t  411
Total Length (mm)
June 1992
U til Length (mm)
July 1992
ID  -i 
11 -
*
E
!<•
V
a
O
u
ii-
j > m  -E3 s'
z ,S
ID  ‘
fl „ , . , n
O c to b e r  1 0 9 2
ID  1 4  I t  I t  144 111 14t I K  1 1 1  l i t
Total Length (mm)
tl  -
|—|
11 -
«
c
*  I I -
E
TJ
£.11-1
U)
y
D l l -
u
El l  -a
Z ->
1 -
•  - -i— i— f —i Lr J
-r-
w
N o v em b er 1 9 9 2
a
II 41 44 II I H  t j l  4H IH 111 HI
Total Length (mm)
August 1992
44 I t  14 I t  H I  l i t  14t 1 l t  111 l i t  
Total L ength  (m m )
LEG EN D
Males  
Fem ales  
Im matures
3 4  4 4  I t  t l  1 ( 4  I H  1 4 1  1 1 1  1 1 4  l i t
Toial Length (mm)
April ms? July 1993
I I  i t *  111 1u
To W Lena* (mm)
■ II in H  1 *1  I I I  I I I
T otal L-angth (m m )
Augus t  1993May 1093
• I  I I  i t l  111 i n  i n  i n  m
Tout Long* {mm)
p ni i r  i 1
I I *  H I  1 *1  11 *  1 11  IB*
Total Lengft {mm}
Aine M l September *992
II m 111
Total L-d1(tfi [mm)
•D 1** I t l  14*
Total Langti (mm)
n *  t* i
33
ihrough August 1992, and from May through September 1993 (Fig. 1,8c), After 
August 1992, percentage of non-pregnant males in samples was higher than that of 
pregnant males, Gravid females availability varied from month to month (Fig. 1.8d). 
More S, floridae females were potentially reproductive I y active in both years when 
compared with S. fuscus gravid females, and female S. floridae in ovarian stages 1 
and II predominated only during the beginning or the end of the mating season.
Monthly length frequency comparisons showed that there was one modal group 
present in the study site in May (Fig. 1.9), Two modal groups were observed 
beginning in June in both years, corresponding to recruitment of juveniles, and 
continued until November 1992, and probably not later than September 1993. Males 
with developed brood pouches varied from 82 to 177 mm TL, and most were between 
100 and 140 mm TL, representing the majoriiy o f  available males Females varied 
from 95 to 193 mm TL, but most were of similar size to those measured in males.
The GSI in female §. floridae larger than 119 mm TL (Fig. 1.10) varied from 
0,09 to 29,49. Mean GSI was higher in May 1992, having a value of 18,19, 
decreasing to 6.73 in July 1992, increasing again to 10.95 in September 1992, and 
decreasing toward the end of the mating season. A similar pattern occurred for 1993, 
hut a higher mean GSI was ohserved in June (18,64), and values decreased until 
August 1993. Mean GSI was high in a few females collected in September 1993, but 
contribution of these lale spawning individuals were probably insufficient compared 
with the total seasonal mating effort during May to Augusb
34
Tiihle 1.3. Sex ratio and operational sex ratio Tor the northern pipefish, Syngnathus 
floridae. collected in the lower York River from May 1992 through September 1993.
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DISCUSSION
Syngnathus fuscus and S. floridae appear to have a similar reproductive period 
in the lower York river. In general, mating seasons for hoth species begin in April 
and finish in October, whith peak mating occurring from May through August. A 
few specimens o f  each pipefish species mated in the early spring, as well as late fall, 
hut these matings probably do not contribute much to the total reproductive effort of 
the species. Peak mating in late spring offers several advantages o f  more favourable 
conditions for the development o f  newborn pipefish including: increased temperature, 
increased food resources, and increased grass hed biomass.
Different studies dealing with reproductive biology of pipefish species of 
Chesapeake Hay done in different years have shown some similarities and differences 
related to the mating season and consequent spawning peak. Hildebrand & Sehroeder 
(1928). for example, reported that the mating season for S. fuscus in Chesapeake Bay 
began in May and finished in October They suggested that the height oT the 
spawning season, based on the number of males having pouches filled with eggs, 
extended from April through July. Mercer (1973) pointed out that the spawning of S. 
fuscus began probably in March and finished in late Augusi, with the peak occurring 
from May to early June. Mercer (1973) also pointed out that S, floridae began 
spawning about a month later than S. fuscus. Mating season in both pipefishes may 
vary due to variation in hydro-chemical parameters, as well as to variation in eclgrass 
abundance. lie I grass beds represent an important shelter and feeding ground for 
pipefishes, and decline of grassbeds in July 1993 played an important role in initiating
Fig. 1.10. Conadosomaiic irnlcx (GSI) o f  female dusky pipefish, S. floridae. eaughl 
lower York River. Horizontal line= mean GSI; venical line =  amplitudes.
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earlier migration of adult pipefish to deeper waters in this year hy disrupting and 
shortening reproductive period and loss of habitat for new recruils. Consequences for 
future populations are unknown, hut seagrass decline may affect pipefish abundance in 
the following year. According to Taylor (1990), spawning seasons in intertidal and 
esiuarine fishes, as in many other tcleosts, ends before stimulatory environmental 
conditions disappear.
While I lie total sex ratio was skewed toward females in S. fuscus. only a few 
were gravid during the mating season. Pregnant and non-pregnant {but reproduciively 
available) male S. fuscus outnumbered females, which theoretically suggests lhat 
males compete more actively than females for mating access. Even though the total 
sex ratio was proportional in S. floridae. the operational sex ratio was similar to that 
observed for S. fuscus: males outnumbered females. This finding suggests lhat S. 
fuscus and S. floridae do fit the definition o f sex role reversal followed by Vincent et 
al. (1992).
Crnnell (1984) observed that sex ratio varied from year to year in the 
pipefishes Corvthoichthvs intestinal is and C- paxtoni. and experimental analysis 
showed lhat females in these pipefishes swim more than males. Vincent et al. (1992) 
also pointed out that sex role reversal is not synonymous with male parental care.
Male pipefishes and seahorses exihibit obvious sex role reversal, because they carry 
the eggs in a brood pouch, which is linked by an epithelium that functions as a 
' placenta", a condition associated only with females in other genera of animals. That 
females are limiting sex for the male reproductive success, does not indicate the
3 8
preserve of sex role reversed. In syngnathids, parental care may be synonymous wilh 
sex m le  reversal, whereas it may not be for other leleost groups. I observed monthly 
variations in sex ratio and operational sex ratio. Sex role reversal could he difficult 
to define based only on the sex ratio, because Ihis ratio can change even in a local 
grass hed, or with different efficiency nf fishing gear. I also observed that up to 
o f  males collected during the mating peak were pregnant, suggesting that a 
small number o f polygamous females may be sufficient to guarantee reproductive 
success in the pipefish species studied here. However, Rosenqvist {1993) suggested 
that the term "sex role reversal" may be ambiguous and often provokes disagreement 
about its correctness or usefulness.
In most fishes, the most striking changes in coloration and morphology 
associated with reproduction occur in males (Liley &. Stacey, 1983). In the northern 
pipefish, major sexual modifications occur in females, contrary to the most common 
pattern observed in other fishes, fem ale northern pipefish undergo a series of sexual 
modifications in width and color (Fig. L6 and 1.7}. Modifications in color associated 
with reproduction may be related to competition for males and/or to avoid predation.
In an eelgrass hed, pipefish specimens compete actively to access mating. However, 
while searching for a male, females could be more exposed to predation. Therefore, 
dark coloration could increase the chances o f  avoiding predation at night or in a 
turbid estuary. Modifications nf sexual features in this pipefish, probably represent a 
step toward maximizing mating choice and reproductive success. This suggests that 
males may exhibit some mating choice in this species and that mating system may be
3 9
more more complex than that simply infercd for sex ratios, or operational sex ratios.
Modifications itt body width in female northern pipefish are necessary in order 
to support a larger ovary, which can represent up to 30-0% of the total body weight. 
Size variability in fishes has great inplications in fertiliiy variability, because female 
fertility is closely related to sire (Williams, 1977). Pipefish ovaries arc continuously 
producing hydrated oocytes during the mating season. The great variability in ovary 
weight and consequently low correlation with size observed in Figure 6C, suggests 
that many females analysed had released different amount of eggs in the males brood 
pouch. This is also related to the carrying capacity of broi>d pouches: larger males 
can receive more hydrated oocytes than smaller ones, since the female which is 
mating has enough oocytes available.
Apparent morphological modificalions between gravid and non-gravid S. 
floridae females were not observed. Possibly, an enlargement o f  the lateral bony 
plates might occur, in order to support a larger ovary. Brown (1972) observed that 
adult S. floridae females o f  Cedar Key, Florida, exceeding 150 mm, exhibited a 
greater body depth than males, but this character was obscure in smaller females. In 
Chesapeake Bay, most gravid S. floridae females observed were smaller than 
150 mm TL.
Sexual selection appears to operate differently Tor both, Syngnathus fuscus and 
S. floridae. hesides their broad morphological similarity. Due to more abundance and 
body modifications in female S. fuscus during the period prc-mating, it seems that 
this species has a higher competition for mating than do S. floridae specimens.
4 0
Mating period is similar, and environment changes can provoke similar responses lor 
hotlt species in the lower Chesapeake Hay, as earlier migration to deeper and warmer 
waters.
CHAPTER 2
Com parison Between Fecundity and Fertility in Two 
Pipefishes (Syngnathidae) of the Lower York River
41
42
ABSTRACT
Fecundity and fertility were compared between the northern pipefish, 
Syngnathus fuscus. and the dusky pipefish, S. floridae. which occupy the same 
eelgrass beds in the lower Vork river, Chesapeake Bay. Comparison o f  samples was 
limited to the peak of mating season, from May through August, in 1992 and 1993.
In both pipefish species, parental care is provided only by males, which receive 
oocytes from females, and then fertilize, protect, aerate and provide nutrients to 
offspring inside a closure brtxxl pouch- Females are polygamous, and do not display 
any care of offspring after mating. Intra-specific comparisons between hatch 
fecundity and brood pouch capacity were made. Number of hydTHled oocytes in 
females of the northern pipefish varied from 101 to 1,643 (fishes from 123 to 
255 mm TL), whereas in males, number of eggs/embryos in the brood pouch varied 
from 22 to 870 (fishes from 83 to 189 mm TL), Northern pipefish females produced 
significantly more hydrated oocytes than males’ brood pouch carrying capacity 
(P < 0 .0123*). Number o f  hydrated oocytes in females of the dusky pipefish varied 
from 38 to 818 {fishes from 116 to 189 mm TL), whereas in males, number of 
eggs/embryos in the brood pouch varied from Li to 820 (fishes from 91 to 
176 mm TL). Dusky pipefish females also produced significantly more hydrated 
oocytes than male’s brood pouch carrying capacity ( P < 0.0001 ***)_ Mean numher of 
hydrated oocytes were not significantly different between females of both species 
( P > 0 . 1603), whereas males of the northern pipefish showed a higher mean number 
o f  eggs/embryos in the pouch than dusky pipefish males ( P <0.0001 ■*“**>.
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INTRODUCTION
The life history of any species, determined by natural selection, should 
maximize lit ness, which implies maximization of fecundity and survival at all ages 
(Partridge & Sibly, 1991). Reproduction has a cost, and there are two components 
to a parent’s remaining lifetime reproductive success: 1) the survival and future 
reproduction of the brood at stake; 2) the parent's own expected future reproduction 
in subsequent hrood cycles (Williams, 1966).
Iiach offspring can be viewed as an investment independent of other offspring, 
increasing investment in one offspring tends to decrease investment in others (Trivers, 
1972). Syngnathids display parental care. In most species, males incubate the eggs 
in a hrood pouch, and they take care of the eggs until the larvae are ready to be 
released. After mating, females do not influence parental care. Therefore, the male's 
investment in the offspring increases in order to guarantee the success of their 
progeny.
Incubation by the male and the consequent emancipation of females brings up 
some concerns about reproductive success. The principal advantage of male 
incubation from a female's viewpoint is a lessening of her metabolic burden, freeing 
her to devote increased time and energy to replenish nutrients and mineral reserves 
drained through egg production, and from the male’s viewpoint, female emancipation 
can be viewed as an insurance strategy (limlen & Oring, 1977). Sexual selection is 
relatively slight in monogamous groups, while it U intense in highly polygamous 
societies (Emlen & Oring, 1977),
44
Females o f  some pipefish species mate with many males during the mating 
season {Vincent et aL, 1992), Indifferent species, females may divide the same 
clutch among many males (simultaneously polygamous), o r  may give the entire clutch 
to one  male and subsequent clulches to other males (sequentially polygamous)
(Vincent et a t .. 1992), Promiscuity in pipefishes can he viewed as an important tool 
in order to maximize reproductive success, because a pregnant male with a totally full 
hrood pouch could be a limiting factor lo female mating success. This is especially 
true since female pipefish are continuously prifducing hydrated oocytes.
Information on reproduction of S. fuscus is very limited. Hildebrand & 
Schroedcr (1928) pointed out that in the Chesapeake Bay, spawning takes place from 
April to October, and the peak, judging from the number of males having pouches 
filled with eggs, extends from April lo July. They observed Lhat eggs in several 
stages o f  development may be present in the marsupium at one time, although 
occasionally they are all o f  uniform development. They also observed lhat the largest 
number o f  eggs found in the pouch of a single specimen was 570 and the smallest 
number was 109 (specimens ranging from 120-190 m m ), while Ihe largest number o f  
oocytes in a female o f  190 mm was 860.
Mercer (1973) observed that the reproductive period of S. fuscus in Ihe 
Chesapeake Bay ranged from March to late August, with peak spawning in May and 
early June, She also observed that males outnumbered females in seine collections, 
but females became more abundant late in the spawning period. Sex ratio in trawl 
samples was more nearly equal from April through June, after which females
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dominated. Dawson (1982) observed brooding males collecied in Georgia during 
January, February and March, and in Florida during April and June,
In the Chesapeake Bay, Hildebrand & Schroeder (1928) considered the 
presence of male S. floridae carrying eggs from May to October, as an indicator of a 
protracted spawning period, Mercer (1973) observed thai reproduction in S. floridae 
follows the same pattern as S, fuscus, but spawning begins about a  month later, with 
peak spawning occurring in late July and August, Mercer (1973) also ohserved that 
the sex ralio o f  S. floridae was approximately 1:1 in hoth seine and trawl collections. 
Breeding by S. floridae occurs throughout Ihe year in the Cedar Key area o f  
Florida, and males with young in the hrood pouch have been caught in all months 
except Decemher (Reid, 1954), Reid (1954) also observed that the number o f  young 
or eggs contained in the brood pouch ranged from 130 to 447 (specimens from 116 to 
176 mm), for an overall average o f  263.9 per fish, while the number of oocytes 
varied from 141) to 1,100 in one specimen of 192 mm in length. In the Tampa Bay 
area o f  Florida, S p r in g e r*  Woodbum (1960) found pregnant males occurring from 
April lo November, with the majority occurring during August and September, and 
the smallest male recugnizahle as such was 122 mm, and the largest was 189 mm.
They also noted that females (from 122*196 mm) were always more numerous than 
males. Drown (1972) found Ihe smallest mature male S, floridae was 102 mm in 
Florida, tie also ohserved that the number of eggs or embryos in Ihe pouch ranged 
from 358 to 886. The smallest female with ripe oocytes examined hy Dawson (1982) 
was 121,5 nun.
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As ihere exists little information about the reproductive biology of pipefishes 
occupying the lower York river, Chesapeake Bay (e.g., Hildebrand & Schoroeder, 
1928; Mercer, 1973), the purpose of Ihis paper was to make an intra-specific 
comparison o f  fecundity and fertility of the northern and Ihe dusky pipefishes 
collected during the peak of the mating season in 1992 and 1993. Also, an inter­
specific comparison was made, in order to discern possible differences in Ihe 
reproductive strategies between the two pipefish species.
M A T ER IA L  AND METHODS 
Study  Site
Syngnathus fuscus and S. floridae were collected on the northern shore of the 
lower York River, which supports a bed o f  submerged aquatic vegetation. This site is 
located between Sarahs' Creek and the Coleman bridge (Station 1), at approximately 
37"24'N, (Fig. 1.1, Chapter I). The dominant eel grass is Zostera marina,
and its fluctuation in annual abundance lias been described by O nh & Moore (1984). 
l-ram June u> August 1992, a large amount of detached algae, brought by currents, 
accumulated on the celgrass bed. The same pattern was not observed between June 
and August 1993, as seagrass hiomass declined quickly after June. A second study 
site was chosen, which was located in front of Goodwin Island (Station 2), where 
little eel grass remained.
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Sampling
Samples were taken from May through September 1992 primarily with a 3 mm 
mesh dip net during low slack water, at a depth not greater than 1 m. Periodicity of 
dip net samples varied from month to month, with more frequent sampling during the 
mating season peak. The distribution and abundance of both pipefishes, and their 
relationship to hydrographic parameters have been described by Mercer (1973). 
Additional samples were taken with: 1) A 30 fool semi-balloon otter trawl, aboard 
the research vessel Fish Hawk, The tow duration was five minules bottom time at a 
speed of approximately 2 1/2 knots. The trawl survey program consists o f  a monthly 
random stratified design survey of the lower Chesapeake Hay, and fixed station mid­
channel transects in each of the three major Virginia tributaries: the York, James, and 
Rappahannock rivers (Uonzek ct ah , 1993). Only fishes collected at the lower York 
river were used in this study. Trawl survey samples were taken within the same 
study period as dip net sampling; 2) A crab scrape apparatus, 0.5 x 1.5 m with 5 mm 
mesh size, was used front June through August 1993.
Fishes were preserved in 10% formalin for a maximum o f 24 h, and then 
washed and transfered to 70% ethanol. Laboratory procedures included: identification 
of species based on Dawson (1982); measurement of each specimen lor total length 
(TL in mm) and total hody and gonad weight (0.001 g).
For fecundity and fertility comparison between males and females o f  both 
pipefish species, only specimens collected during the peak of the mating period (from
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May through August) were included. Number o f  hydrated oocytes in the ovaries and 
the number of eggs o r  embryos in the male’s brood pouch were counted. The 
following scale was used to separate different egg/embryo stages: 0- non pregnant 
males; 1- eggs newly deposited in ihe pouch; 2- embryos in the heginning siage of 
development or still containing yolk sac; and 3- embryos without yolk sac, ready to 
be released. Statistical comparisons for monthly and annual variation o f  mean 
hydrated oocyles or embryos were made by single factor analysis of variance 
(ANOVA), as well as intra-specific sexual, and inter specific comparisons. Month, 
year and body length were independent variables, while number o f  hydrated oocytes 
or eggsfcmbryos was the dependent variahle. Due to monthly and annual variation in 
length, the first two variables were interacted by length. Analysis of covariance 
(ANCGVA) was employed to lest slopes between cases. Data analysis were 
performed on log transformed data due to inequality o f  variances. Log 
transformations were followed afler comparing variances using an F-test. As the data 
were unbalanced, the general linear model <GLM) o f  the Statistical Analysis System 
(SAS Institute, 1985) was applied to the data to test for significance.
The dry weight of specimens collected in April, May and July 1993 were 
ohtained. For this analyses, total gut content was taken, and Fishes were kept in a dry 
oven for 24 li, and then weighed in a balance with 0.1 mg precision. The ovary o f 
running-ripe, running, ripe and spent females were weighed scparatly, as well as eggs 
or embryos in the males brood pouch. Testes were not weighed separately due to 
small size and weight. Analysis of Covariance (ANCOVA) was employed to test
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significant differences between slopes of the dry weight-length relationship for males 
and females of holh species,
RESULTS 
Jutra-Spednc Comparisons
Svnpnathus luscus
Number of hydrated oocytes found in pipefish ovaries represents fecundity, 
which was variable throughout Ihe mating season peak, In general, mean num ber of 
hydrated oocytes increased with increased fish length, but the standard deviation was 
high in all length classes (Fig. 2.1). Total number o f  hydrated oocytes were 
exponentially and weakly related to hoth total length and wet weight. The regression 
equations obiained were:
Oocytes =  47.86 x T L "11,154; n =  330; 0.26
Oocytes =  208,92 x TW1’ I3jI4; n =  330; rJ =  0.26
Minimum number o f  hydrated oocytes found was JQ1, whereas maxim um  was 
1643, in females which ranged from 123 to 255 mm TL. Htghesi monthly mean 
number was 588.91, ohtained in June 1992. Mean number o f  hydrated oocytes did 
not vary significantly from 1992 to 1993 (ANOVAr F ,i7=  3 .01; P > 0.0838), In 
1992. the mean number of hydrated oocytes was 413,76 (M in =  101; M ax =  1643; 
n =  195; S.D. =  229.77), whereas in 1993 it was 437.64 (M in =  121; M a x =  1072; 
n =  136; S .D .=  205.02). Mean number o f  hydrated oocytes also did not vary among 
months (ANOVA: F t 7=  0.59; P>U.7664).
50
Numher o f  eggs or embryos inside the mule's brood pouch represents fertility, 
which varied from month to month „ arvd between length classes. Eggs and embryos 
were found simultaneouly in the males hrood pouch of some specimens, showing that 
males can receive eggs from different females. Mean number of eggs or embryos 
tended to increase wiih length, but the amplitudes observed showed an uneven pattern 
(Fig. 3). Total number of eggs or embryos found in the pouches was exponentially 
and weakly relaied to male total length
and total wet weight. The regression equations ohtained were:
Eggs/Etnhryos =  27.54 x TL<M"I):i; n =  1068; H = 0.33 
Eggs/Embry os = 120.22 x TW10*1*; n =  1068; r2 =  0.34
Minimum number of eggs found in the brood pouch was 22, and the maximum 
was 870, in males which ranged from 83 to 189 mm TL, Highest monthly mean 
value was 353.63, which was obtained in June 1993. Mean numher o f  eggs or 
embiyos did not vary from 1992 to 1993 (ANOVA: P, ? =  1.30; I>> 0 .2 5 3 8 ) .  In 
1992, mean numher of eggs/embryos found in the males brood pouch was 267.35 
(M in =  22, Max =  829; n =  657; S .13.= 132.55), whereas in 1993 il was 286.10 
(M in =  22, Max =  870; n =  412; S.D. = 141.62). Mean number of eggs/embryos did 
not vary significantly among months (ANOVA: F =  1.42; P > 0 .1 9 1 4 ) ,  A total of 
175.647 eggs/embryos were counted in 1992. From these, 4 ,750 (2.70% ) were non- 
fertdized. Percentage of non-fertilized eggs varied throughout ihe months, and was 
larger in July 1992, when it reached 4.9] % o f  eggs. In 1993 a total o f  117,874 eggs 
were counted. O f these, 2,027 (1,72%) were non-fertilized. The highest percentage
Fig 2,1. Comparison of mean numher of hydrated oocytes (horizontal line) against 
total length observed m females S. fuseus of lower Chesapeake Bay. Vertical line 
amplitudes of number o f  hydrated oocytes.
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H g 2.2. Comparison of mean number of eggs/embryos {horizontal line) against total 
length counted in the brood pouch o f males S. fuscus of lower Chesapeake Bay. 
Vertical line = amplitudes of numher of eggs/embryos.
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of non-fertilized eggs was ohserved in July, when it reached 3.35% o f  the eggs 
counted.
Females produced more eggs than male brood pouch carrying capacity.
ANOVA showed that the mean numher o f  hydrated oocytes counted was significantly 
higher than the mean number o f  eggs or embryos counted in the males brood pouch 
(ANOVA: F L| =  6 .29; P<0.0123*>.
The relationship of length and dry weight was compared between sexes (Fig. 
2.3a}. Slopes were significantly different between males and females (ANCOVA: 
l :i i -  27.03; PCO.OOOl*+*), The regression equations obtained for bolh sexes were: 
Dry Weight = 0.65 x T C uM” ; n =  212; r :=a 0.94 (Males)
Dry Weight = 0.59 x TL,""ll!i; n =  238; H = 0.94 (Females)
Slopes were also significantly different between the net dry weight o f  non- 
pregnant and pregnant fishes (Fig. 4b>. As the differences in the slopes cannot be 
quantified by ANCOVA, once the slopes cross each other, the points plotted in figure 
4b do not suggest a decrease in the net dry weight of pregnant males, when compared 
to non-pregnants.
Influence o f  clutch size diy weight in the male brood pouch against total body 
dry weight was analyzed. In males with eggs/embryos in stage 1, total dry weight o f  
eggs/embryos represented a mean value o f  14,34% o f  the total body dry weight 
(Min =
4.34% ; M ax — 25.80%; S.D. = 4.86% ; n -  59), 10.65% of eggs/embryos in stage 2 
(M in=  1.33%; M a x =  21.37%; S .D .=  4 ,04% ; n =  88), and 9 ,95%  of egg/embryo
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Fig. 2.3. Total and net dry weight comparisons of S. ftiscus- Fig. 2.3a) Comparison 
between total dry weight against total length; Fig, 2.3b) Comparison between net dry 
weight between non-pregnant and pregnant males.
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Synpnathus fluridae
Mean number of hydrated oocytes increased with increased Length, but the 
standard deviation was high in all length classes (Pig, 2.4), Total number o f  hydrated 
oocytes counted had a weak exponential relationship to both total length and total wet 
weight. The regression equations obtained were:
Oocytes = 22.59 x TLlKms; n = 350; ^ = 0 , 2 6  
Oocytes =  83.94 x TW lf2*™; n =  350; r2=  0.35
Minimum number oT hydrated oocytes found was 38, whereas maximum was 
818, in females which ranged from 116 to 189 mm TT, Maximum mean number was 
320,60 obtained in June 1993. Number o f  hydrated oocytes counted were 
significantly different among months (ANOVA: 3.55; P < 0 .0 0 1 1***), and
helween years (ANOVA: F li7 =  5,39; P <0 .0208*). ]u 1992, mean number o f  
hydrated oocytes counted was 203.09 (Min =  38; M ax=  818; 5 .D ,=  106.85; n =
238), whereas in 1993 it was 197,18 (M in=  42; M ax=  605: S.D = 125,47; n =
113).
Mean number of eggs or embryos tended lo increase with length, hut 
amplitudes showed an uneven pattern, as ohserved for S. fuscus {Fig. 2.5). The 
relationship between eggs/emhryos against total length and tulal wet weight was also 
exponential and weak. The regression equations obtained were:
5 6
Fig 2.4. Comparison of number o f  mean hydrated oocytes (horizontal line) against 
total length observed in females Svnenaihus floridae o f  lower Chesapeake Bay. 
Vertical line— amplitudes o f number of hydrated oocytes.
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Fig 2,5. Com parison o f mean number of eggsVembryos (horizontal line) against total 
lengih counted in the brood pouch o f males Svngnathus florid ac o f  lower Chesapeake 
liay. Vertical l in e =  amplitudes of number of eggs/embryos.
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Fggs/Hmbryos =  6,75 x TL(,,IHH; n =  524; r3=  0.44
Hggs/limbryos= 66.01 x T W ^ 4**5; n =  524; r2-  0.44
Minimum number o f  eggs found in the brood pouch was 15 (nut considering 
one male that bad only 6 eggs in the brood pouch, which was in terpolated as an 
outlier), and the maximum was 820, in males which ranged from 91 to 176 mm TL. 
Highest mean value was 353,63 in June 1993. Maximum mean number was 362.87 
which was obtained in June 1993. Number of eggs/embryos in the pouch were 
significantly different between months (ANOVA: l:, , =  3.04; P < 0  0038**), and 
between years (ANOVA: !■, T = 5.84; P < 0 .0 1 6 0 +). In 1992, mean number o f 
eggs/ombryos counled was 203.66 (Min = 15; M a x -  820; S .D .=  138,93; n =  315), 
whereas in 1993 U was 222.75 (M in=  25; Max =  533; S . D , -  126.23; n =  269). A 
total o f  64,153 eggs/embryos were counted in 1992, O f these, 3 ,160 (4.93% ) were 
non-fertilized, with June 1992 having the highest percentage of non-fertilized eggs 
(5.82%). In 1993, a total of 46,561 eggs/embryos were counled, o f  which 497 
<1.07%) were non-fertilized, with August 1993 having the highest percentage of non­
fertilized eggs (1,31 %).
Similar to S. fuscus. female S. floridae produced more hydrated oocytes than 
male brood pouch capacity. Mean number of hydrated oocytes were significantly 
higher than mean number of eggs/embry os counted in the males hrotxl pouch 
(ANOVA: I7, , = 28.22; P < 0 .0001***).
The relationship o f  length and dry weight was compared between sexes, as 
well as the net dry weight between non-pregnant and pregnant males (Fig. 2,6)
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Total dry weight did nut differ significantly between males and fcmalcs (ANCOVA:
F =  0 .96; P > 0.3215) (Fig. 2.6a), The regression equations obtained for bolh sexes 
were:
Dry Weight =  0.63 x TLlM"^; n=  216; r2 =  0.94 (Males)
Dry Weight =  0.6] x TLH" 'Ui; n = 141; r2=  0.91 (Females)
As observed for S. fuscus. the net dry weight of non-pregnant and pregnant 
male S. floridae cannot he explained using ANCOVA (E;ig. 2.6b). A few non­
pregnant males were analysed, but the slopes did not show strong differences between 
noil-pregnant and pregnant males.
In males with eggs)emhryos in stage 1, total dry weight of eggs/embryos 
represented a m ean value o f  18.02% of the total body dry weight (M in =  4 ,44% ;
Max = 42 .83% ; S .D . = 6.66%; n =  82), 17.41 % o f egg/em bryo in stage 2 (Min = 
5.88% ; M a x — 31.99% ; S.D, =  5.53%; n =  79), and 14.15% of egg/em bryo in stage 
3 (M in =  4 .76% ; M ax =  23,86%; S D .=  5 .21% ; n =  30).
Inter-Spcclfic Comparisons
Brood pouch .size was compared between males o f  both pipefish species. 
Svnpnathus floridae has a larger hrood pouch than S. fuscus (Fig, 2,7). Slopes of 
brood pouch size versus fish length differed significantly from each other (ANCOVA: 
F l ,=  47,44: P < 0 .0 0 0 1***). In 5 floridae. brood pouch size can reach a mean 
value o f  31,55%  o f  the total length (Min =  25.26% ; M ax =  36.00% . S . D . =  1.99%),
6 0
lTig. 2.6. Total and net dry weight comparisons of Syngnatlms floridae. Pig. 6a) 
Comparison between total dry weight against total length; Fig. 6b) Comparison 
between net dry weight between non-pregnant and pregnant males.
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Fig. 2,7. Regression o f  hrooJ pouch size against total length between Svngnathus 
fuscus and S. floridae.
Br
oo
d 
Po
uc
h 
(m
m
)
7 0
6 0  -
50  -
40
30
20
10
■  S, fuscus [Pouch= -7 51 + T L  0 2 9 7 ; n= 116; r 2 = O.flS) 
□  S. floridae (Pnuch= -9.es + t l  o  010
n= 126; r
ANCOVA
S p e c i e s  x Total Lengtti 
= 47 .44  
(P<Q 0 0 0 1 * " )
1 l I ■ 1 | p ■ l < r I '* ' p \ | —I— ■— I— r i  r  I  T -n~ T I  T 1  I I P Y I
80 90 100 1 1 0  120 130 140 1 5 0  160 1 7 0  180 190
Total Length (mm)
6 2
whereas in S. fuscus the mean value was 23-70% |M in =  17.95%; M ax =  32 .75% ; 
S .D .=  2,03% ). The following regression equations were obtained for both species:
S. floridae: Pouch =  -9,65 +  TL 0 ,0 1 0  (n =  125; r : =  0,93)
5 fuscus: Pouch = -7.51 +  TL 0 ,297 (n=  115; r3=  0.88)
T he size of hydrated oocytes were compared between females o f  both 
pipefishes. Female S. floridae showed larger hydrated oocytes than female 5, fuscus
(Pig. 2 8) .
M ean number o f hydrated oocytes counted were compared between females, as 
well as m ean  numher of eggs/embryos found in the m ale 's  brood pouch. M ean 
numher o f  hydra led ixxytes counled were not signillcantly different between females 
of S. fuscus and S. floridae (ANOVA: I-, , =  1.98; P > 0 ,1 6 0 3  Conversely, mean 
numher o f  eggstembryos did differ significantly between males o f  hoih species 
(ANOVA: F, ,=  45.42; P<Q.OG0J).
Individual egg^embryo dry weight was compared against total number o f  
eggs/embryos (Fig. 2.9). Data showed a weak correlation between both variables, 
hut in S. fuscus a trend toward a decrease in the individual egg/em bryo dry weight 
wilh increased numher of eggs was observed, suggesting a decrease in em bryo fitness 
in fishes which were carrying more eggs/embryos, t he same pattern was not observed 
for S. f lo ridae .
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Fig 2.8. Comparison o f  hydrated oueyte diameter between females Svngnaihus fuscus 
and S. floridae.
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Fig 2.9. Comparison of individual egg/embryo diy weight against total number of 
eggs^emhryos observed in the brood pouch of Svngnathus fuscus and S. floridae.
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D ISCUSSION
Other than some interspecific morphological differences, the northern  and the 
dusky pipefishes txicupying the same eel grass beds in the lower York river, appear to 
have similar life history strategies relaled to fecundity and fertility. Females of S. 
luscus produce smaller oocytes than females o f S, floridae. Therefore, for equal 
body si/.es, male S. floridae have a bigger brood pouch than male S. fuscus. to 
compensate for the discrepancies related to oocyte si/e. In animals with typical sex 
roles, male reproductive success is limited by the ability to acquire mates and rate of 
fertilization, and females are limited by their own ability to produce and nurture 
offspring and, consequently, by the resources availahlc for this (Ahnesjo, 1992).
Females o f  both species are polygamous. As eggs and embryos were found ai 
different stages of development in the males brood pouch, it is evident that females 
arc sequentially polygamous. Females can mate with different males during  the 
period of male pregnancy, and transfer only a small number of hydrated oocytes into 
the brood pouch. This strategy does not imply that females cannot transfer the entire 
clutch to only one male during mating (simultaneously polygamous). If females can 
mate with multiple males, it means that males, by inference, can also mate with 
mull ip I e females. Thus, polygamy lakes the form o f  polyandry', or "promiscuity", 
where both sexes typically have several partners (Turner, 1986).
Only in mating systems where a parental male sacrifices promiscuous matings 
can paternity influence the evolution o f  parental care (W errcn et al,, 1980), Trivers 
(1972) pointed out that if females prefer to mate with males that arc already
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incubating, a male could gain more matings by performing parenial care. These 
concepts, which altempt 10 explore the evolution of parental care, are whotely 
theoretical, A biological explanation for pipefish promiscuity seems to he related to 
the unusual ovary, which produces rapidly numerous hydrated oocyies, which are 
very ephemeral, In order to maximize reproductive investment during the mating 
period, a female could benefit hy having as many males as possible. Consequently, a 
male could have more success in its role during pregnancy, if it could mate as 
opportunity permit: a full hroud pouch could be more profitable than a brood pouch 
partially full.
High reproductive activity in females is possihle because pipefish ovaries arc 
continuously producing hydrated oocytes during the mating season. Pipefish ovary 
characteristics are very different from other teleosts, and this unusual pattern was firsi 
recognized by Cunningham (1898), and later by Begovac & Wallace (1988) in 
Svnpnathus scovelli. Both pipefish species included in this study have ovaries similar 
to that described by Begovac & Wallace (1988), which seems to be a general pattern 
for all pipefishes.
The unusual ovaries, together with simultaneous or sequential polygamy, 
causes a weak relationship between number of hydrated oocytes available against total 
length or total weight in hoth pipefishes studied here, Prohahly a few females 
analyzed had ovaries totally full with of hydrated oocytes, This does not mean a bias 
loward underestimation of hydrated oocytes available, but Ihis outcome is a direct 
function of pipefish ovary dynamics: the remaining hydrated oocytes will be spawned
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in the next mating, independent of their number. The success of the next mating will 
depend upon numher o f hydrated oocyies available, and male brood pouch carrying 
capacity. The most interesting finding was that males of §. fugcus and S. floridae 
also did not show a good relationship between number of eggsfcmhryos when 
compared to total Length. A strong relationship was expected, because parental care 
should increase the chance that all males will have a full brood pouch. Total carry ing 
capacity after pregnancy has a significant energetic and nutrient cost for male 
pipefishes.
Clutch size can be influenced hy trade-offs between the size of the clutch and 
consequent future reproductive success of the parent (Charnov & Krebs, 1974; 
Godfray, 1987), due to increased risk of predation, and due to competition between 
members o f  the clutch for limiting resources, which decreases offspring fitness ( l^ ck , 
1947). In the northern and dusky pipefishes, clutch size varied according to fish 
length, independent of the pouch’s carrying capacity. A small clutch size should 
increase parental and individual offspring fitness, whereas a large clutch size should 
decrease fitness, A large clutch size might increase competition for space inside the 
pouch, once the embryos are in development. When embryos are released, males are 
availahle to receive another clutch. The future effect of parental filness on the next 
clutch is unknown, but offspring in the next generation might be affected, if the male 
"placenta" between birth and the nexi mating does not have enough lime to recover.
A Large d u tc h  size might also influence the egg’s distribution inside the pouch, and its 
consequent relationship to the placenta. The selection pressure Leading to the
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evolution of an optimun clutch size (related to parental size) must involve a trade-off 
between increasing offspring numher and maintaining high survivorship. Males with 
high numhers of smaller young may have fitness equal to males with fewer large 
young if a sufficient number o f  the smaller young survive to breed,
CHAPTER 3
Trophic ecology of two congeneric pipefishes 
(Syngnathidae) of the tower York River, Virginia.
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ABSTRACT
The northern pipefish, Syngnathus fuscus. and the dusky pipefish, S_ floridae 
co-exist in eelgrass beds in Ihc lower York R iv e r  To com pare the trophic ecology of 
bolh pipefishes, gut contents o f  3488 northern pipefish, and 1422 dusky pipefish were 
examined and quantified hy dry weight. Samples were taken with a dip net from May 
through November 1992. Syngnathus fuscus fed mainly on amphipods (Gam m am s 
mucronatus. Ampilhoe lonpimana, and Canrella pcnantisL and to a lesser degree on 
copepods, and isopods fEdotea spp, and Lrichsonella attenuaiaL Svnpnathus floridae 
fed mainly on grass shrimps fPalaemonetes pugio . £ .  vulgaris, and Falaemonetes 
eggs), and to a lesser degree on copepods, isopods, and mysids fMvsidopsis 
h igelow h. No seasonal trends were observed in the feeding habits o f  these pipefishes. 
Specimens of both species smaller than 100 mm TL fed mainly on copepods. Larger 
S. fuscus Ted on amphipods, while larger S, floridae fed on grass shrimps.
Sehoener’s diet overlap index revealed high consumption o f  the same prey  type by 
both pipefish species only in July, hut only for Ihose specimens smaller than 
110 mm TL Food partitioning between both pipefish was associated with different 
snout sizes and shapes.
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INTRODUCTION
The pipefishes, members of the family Syngnathidae, are typically slender and 
elongate Gasterosteiformes, which occur in the Atlantic and Pacific oceans from the 
tropics to cold temperate regions (Dawson 1982}. Syngnathids are sexually 
dimorphic, and males nurse their offspring on the body surface or in a brood pouch.
In terms of reproductive investment, females contribute with eggs, while males 
fertilize them inside the brood pouch and provide nutrilion and oxygen to the 
offspring (Haresign & Schumway 1981; Berg hind et al. 1986).
Pipefishes are closely associated wilh eelgrass beds, and Ihey consistently form 
an important component of the ichthyofauna of subaquatic vegetated habitats in coastal 
and estuarinc environments (Howard & Koehn 1985). In such habitats, Pollard 
(1984) found that syngnathids were among the most abundant species and were the 
highest ranked family for both the At I antic-Mediterranean and Indo-Pacific regions. 
Therefore, the distribution and abundance of seagrasses must influence Ihe life history 
of pipefish species, which use the seagrass as nursery and feeding grounds, and as 
shelter against predators. Dead seagrass and detached algae may also he used as 
shelter, as well as a transport way to shallower or deeper waters (Dawson 1982).
Three pipefish species of the genus Syngnathus are reported from Chesapeake 
Bay (Hildebrand & Schroeder 1928), but only two occur commonly (Mercer 1973): 
the northern pipefish, Synpnathus fuscus Storcr 1839, and the dusky pipefish, S. 
floridae (Jordan & Gilbert 1882).
Svngnathus fuscus is known from Prince Hdward and Cape Breton Islands in
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the G ulf o f  Si. Lawrence south to Jupiter Inlei and the lower reaches o f  the 
Loxahatchee River, Florida, while floridae is one o f  the more com m on pipefishes 
in inshore waters o f  both Atlantic and Gulf of Mexico coasts from Chesapeake Bay to 
la g u n a  Mad re at Port Isabel, Texas, and also in the Bahamas and Panama (Dawson 
1982). Mercer (1973) ohserved differences between S. fuscus and §. floridae in lime 
o f  appearance and disappearance from the shallows o f ihe Chesapeake Bay: S. fuscus 
migrates to the shallows earlier in the spring reaching peak abundance in mid-June, 
becom ing rare hy late August, while S, floridae reaches a peak in late July and early 
August, remaining in the shallows until late October. Lazzari & Able (1990) pointed 
out lhai S. fuscus in the northern Mid-Atlantic Bighl undergoes seasonal inshore- 
offshore migrations, residing in estuaries during spring through fall, and moving into 
nearshore continental shelf o f  waters ofr Cape Cod in late September-Octnber, and off 
Long Island and New Jersey in November.
Previous studies on the food habits o f  S. fuscus and S. floridae have been 
done. Hildebrand & Schroeder (1928) and Mercer (1973) made a superficial! analysis 
o f  their diets. Ryer & O nh (1987) studied the food habits o f  S. fuscus, and compared 
it wiih the main prey size observed in the guts and in Ihe environment. Therefore, no 
one paper altempted to quantify statistically Ihe degree o f  differences or similarities 
between both co-existing pipefishes.
The object of this study was to compare the trophic ecology o f S. fuscus and 
S. floridae co-occurring in a local seagrass bed located in the lower York River, a 
tributary o f  Chesapeake Bay, Virginia. We compared the prey types consumed on
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seasonal and size related bases, sex differences in the diets, arid we examined diet 
differences relative to the differences in mouth morphometry of the two species.
M ATERIAL AND M E TH O D S
S tu d y  sife
The study site for S. fuscus and £. floridae was located on the northern shore 
o f  the lower York River, which supports an extensive bed o f submerged aquatic 
vegetation (SAV). This site is between Sarah's Creek and the Coleman bridge, and is 
located at approximately 37ll24 'N  latitude, 75H,5 8 ’W longitude (Fig. 1.1, chapter 1). 
Area sampled covered approximately 150 m. The dominant seagrass in this region is 
Zostera marina, and its abundance fluctuates from year to year, mainly due to 
changes in water quality, such as increased eutrophicatum and turhidity (Orth &
Moore 1984). From June to August, a large amount of detached algae, transported 
by currents, accumulates on the seagrass bed, contributes to increased biomass values, 
and furnishes new itiicmhahitais and food sources for shelter of forage species and 
predators.
Sampling
Diurnal samples (from 07:00 to 18:00 h CST) were taken from May through 
November 1992 with a 3 mm mesh dip net, at places not deeper than 1 m, and during
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the slack lower water. Each sample had a time duration of 30 minutes. Sampling area 
was estimated on 15 x 15 m, Intensive samples (e .g .,  May from 03 to 18; June from 
5 to 1 1 and from 17 to 24) were taken, in order to cover the early and late part o f  
each month, and also to guarantee a reasonable sample size especially for the less 
abundant species, S. floridae. All collections are summarized in Table 3.1.
After collection, fishes were preserved in [l)% formalin for a maximum o f  24 
h, and then washed and transfered lo 70% ethanol. Routine laboratory procedures 
included: identification of species based on Dawson (1982); measurement o f  each 
specimen for toial length (TL in mm) and total weight (0 .001 g). Additionally, the 
snout size (mm) was measured from the anterior margin of the eye to the anterior part 
o f  the pre-maxilla based on a si rati tied sample by length, in order to quantify 
differences in the snout size between both pipefish species. Then, snout size values 
were compared by type II regression, and statistically tested by Analysis of 
Covariance (ANCOVA), Mutilated pipefishes were cxludcd in all analyses, because 
they did nol have a tail, creating a bias in the total length-
All specimens were used to evaluate the feeding habits. Gut content analyses 
followed the same procedure used hy Ryer & Orth (1987): as syngnathids possess a 
relatively undifferentiated gastrointestinal tract, only the first half o f  it was analysed 
in order to avoid inclusion of highly digested food. Prey were identified to the lowest 
taxon wherever possihle. Pipefishes were stratified by size classes (e .g ., 90-99, 100- 
109, 110-119, etc) for a representative quick examination of a large sample size as
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Fig. 3 . 1. Map of the study area located on the northern shore o f  (he lower Ytuk 
River.
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suggested by Carr & Adams <1973),
Relalive importance of each food item in the diet o f  pipefishes was assessed 
using numeric and dry weight methods (Ilyslup 1980). We opted to use dry weight 
results in most comparisons, because the numeric method is highly biased toward 
sm aller prey, Entra specific, by sex, and interspecific total diet comparisons were 
m ade using the Spearman rank correlation coefficient, and food organisms with the 
same rank were tied following Fritz (1974). Abbreviations used in the text were: rs = 
Spearm an rank correlation coefficient; d f =  degrees o f  freedom; t ,=  i-lest for die 
Spearm an Rank Correlation Coefficient.
Based on an additional sample taken in June 1993, the total wet weight present 
in the total guts were compared between pregnant males and gravid females of both 
pipefish species. Thirty fishes o f  each group were choosen based on a stratified 
sample by total length. After fish dissection, total food inside the guts was dryed on 
an absorbent paper and weighed (0.001 g), in order to determine if one sex fed more 
than the other during the mating season. Results were compared by regression 
analysis, and analyses o f  covariance (ANCOVA) was used to test differences in the 
slopes, after log-transformation.
For all statistical analyses, food items were grouped in mutually exclusive 
categories (e.g., amphipods, isopuds, copepods, fishes, etc). Similarity in diets among 
length classes of both pipefishes was evaluated using the Morisila-Hom index of 
similarity (Horn 1966), and a UPGMA normal cluster analysis (Rommesburg 1990), 
based on  Ihe most abundant food hems in each class interval, Diel overlap between
Table 3.1. Number of pipefishes collected with dip net in 
lower York River by month from May ihrough September 1993-
Number of Number of specimens
Month samples S. fuscus floridae
May 17 457 213
June 12 70 3 164
July 10 620 209
August 10 610 303
September 10 710 290
October 8 324 128
November 5 64 95
species was estimated using Sehoener’s index (Schoener 1970).
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R ESU L TS
Syngnathus fuscus
A total of 3488 northern pipefishes were collected during the period studied, 
which were represented by 795 males and 1789 females. Specimens ranged from 32 
to 209 mm 1L , hut the majority were 90-159 mm TL (Fig. 3.2). The male:female 
sex ratio (LOO : 2.25) was highly biased toward females, and differed significantly 
from the expected I : 1 ratio ( x ^ -  382.36; p<U.U5), In addition, 26 (0.74%) 
mutilated specimens were collected.
Of the fish collected, 94.92% contained food remains in the gut. Crustaceans 
were the predominant food items in the guts examined (Table 3.2), Other food 
categories, such as fishes, molluscs, polychaetes and pycnogonids did not represent 
important food items for S. fuscus. Among crustaceans, amphipods were by far the 
most important food item by dry weight, followed by copepods and isopods.
Copepods dominated in number, accounting for 67,56% of the total prey consumed. 
Of prey which could be identified to species, the most important were Gammarus 
mucronatus, Ampithoe lomzimana. Caprella penantis and Erichsonella attenuate. 
Callinectes sapid us megalopae did not represent an important food item for the 
northern pipefish. Males and females preyed more on amphipods, copepods, and
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V\g. 1.2. Size frequency distribution o f  the northern pipefish , SvnpnathiK fuscus. 
eolleeied in Ihe lower York River from May lo November 1992.
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isopods. However, on different secondary food items ( rs =  0.312; d f =  14; 1^= 1.29; 
p < 0 .0 1 ) .
Northern pipefish may be cannibalistic, but newborn pipefish (7-12 mm TL) 
were nol important prey either by dry weight or number, as they represented less than 
I % of ihe lotal diet (Table 3.2). A few newborn seahorses, Hvnnncampus erect a s . 
were also found in the guts, hut these did not represent an important food item for 
northern pipefish.
Northern pipefish showed distinct feeding patterns according to  length classes 
(lug. 3.3). Similarity data showed a separaiion among specimens from 3 0  to 
89 mm TL and larger fishes (Fig. 3 .3 , upper). Copepods were the m ost important 
prey found in guts o f  specimens < 90-99 mm TL, but were unimportant in diets of 
specimens >  120 mm TL (Fig, 3.3, lower). Amphipods contributed up to 50% o f the 
dry weight in the guts of all length classes >  120 mm TL. Among o ther food 
categories, only isopods showed some relative importance between length class 
intervals of 70-179 mm TL.
Amphipods were the most important food item in all months analyzed (Fig. 
3 .4). Excepting September, when they represented only 37.89% of the dry weight 
consumed, they represented up to 68%. in all other months. Copepods were importat 
from July through October, and isopods were important from July th rough  September.
Apparenily gravid females fed more than pregnant males (Fig. 3 ,5 ) ,
However, ANCOVA showed no significant differences in the slopes <F n i =  3.67; 
p > 0,0606). Regression equations obtained for both sexes between food wet weight
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Table 3.2. Food categories found in gut coments of northern pipefish. Svngnathus 
fuscus. and dusky pipefish, S. floridae. collected in a seagrass bed in lower York 
River, Virginia, LISA. %W = percentage of dry weight; 56N= percentage o f  prey
number.
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Fig. 3.3. UPGM A cluster analysts (upper), and Fond items found in the gm s of the 
nonhem  pipefish, S. fuscus. from the lower York River by 10 mm Icnglh classes 
(e.g., 30-39, 40-49, etc) (lower). Total num ber o f  specimens analysed is on Ihe top, 
number of empty guts is in parentheses.
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Fig. 3.4, Food items round in the guts of the northern pipefish, S. fuscus. from the 
lower York River by month. Total numher of specimens analysed is on the lop; 
number of empty guts is in parentheses.
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rig . 3.5. Comparison between total food wet weight versus total length in pregnant 
males and gravid females o f  the northern pipefish, S. fuscus. of the lower York 
River, Virginia.
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(F) and total length (TL) were:
Male. F =  0 .0006 TL - 0.062 (n =  30, r  =  0,47);
Female: F =  0.0010 TL - 0.101. (n = 30; r =  0.55)
Synpnalhus florid ae
A total o f  1422 dusky pipefish ranging from 23 to 187 mm TL were collected, 
including 391 males and 439 females. Most specimens were from 70 to 149 mm TL 
(Fig. 3.6). The sex ratio was 1.00 : 1,12, and was not significantly different from 
Ihe expected I : I ratio (jt2=  2,78; p > 0 .0 5 ) .  Fleven (0.77% ) mutilated specimens 
were collected in addition to those used for diet analyses.
O f the specimens analyzed, 91.07% had full guts or contained some food 
remains. Cmstaceans also were the dominant prey caiegory for the dusky pipefish 
(Table 3.2). Among crustaceans, palaemonids were the most important prey, 
followed hy amphipods and, to a lesser extent, copepods, mysids and isopods.
Among food items identified to
species, the grass shrimps. Palaemonetes pugio and £. vulgaris, were Ihe most 
important prey in the diet of dusky pipefish. Palaemonetes eggs also represented an 
important fotKl item, both in dry weight and in number. Copepods accounted for 
72.67% o f  the total number of prey items consumed. Other prey item groups, such 
as polychaetes, pycnogonids and insects, were not important food items for dusky 
pipefish. Males and females preyed on the same types of food items (rs=  0.867;
8 7
lug- 3.6, Size frequency distribution of ihe dusky pipefish, S. floridac. collected in 
the lower York River from May to November 1992,
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I;ig, 3.7, URGMA normal cluster analysis (upper), and food items found in Ihe guts 
o f  the dusky pipefish, S. floridae. from the lower York River hy length classes (e .g .,  
20-29, 30-39, etc) (lower). Total number of specimens analysed is on the top; number 
o f  empty guts is in parentheses,
Dr
y 
w
ei
gh
t 
(%
)
TL (mm)
20-29 
30-39 - 
40-49 
60-69 
50-69 
70-79
60-00 ------
90-99 ------
1 0 0 -1 0 9 -------
1 1 0 - 1 1 9  ------------ *
120-129  T
130-139 ------
>160  -------
170-179
1 40-1 49 
1 50-159
1 0
“ t---
0 0 0.6 0 4
Morisita-Horn
0.2 o.o
C o p e p o d s  
j - - j j  A m p h i p o d s  
□  J s Q p o d a
Mysids
Fis hes
O t h e r s
P a l a e m o n i d s
1 0 0
80
60
40
20
7 IS 25 Z& 54 OS 161 1ST 145 102 157 139 1 0S 71 23 9
(3) (4) (4) (2) (3) (11) (20)  (0} (IT) (13) 18) (12) (14) (fl) (1) (0)
H i
l i
i
20 40 60 80 100 120
Total length (mm )
140 160  >
8 9
d f = 9 ;  t , =  1 0 . 3 0 6 ;  p > 0 . 0 5 > .
The dusky pipefish may also he cannibalistic, and percentage values o f  
syngnathids <9-16 mm TL) ingcsled by the dusky pipefish were somewhat higher lhan 
those observed for the northern pipefish. Although they did not represent an 
important food item in the total diet, newborn pipefishes ingested by adults showed 
relevance for some length classes and during certain months.
Copepods represented the most important food items for specimens 
<  100 mm TL, but were absent in the guts of specimens >  120 m m  T L  (Fig. 3,7), 
Similarly data showed differences between specimens 20 to 89 mm, and larger fishes 
(Fig. 3.7, upper). Amphipods showed high percentage values for specimens between 
90-139 mm TL, but palaemonids, especially P, pugio. was the predominant food item 
in the guts o f  specimens > L10 mm TL (Fig. 3.7, lower). Mysids, represented 
mainly by Mvsidopsis bjgclnwi. showed high percentage value in diets of specimens 
between 100-1(19 mm TL. Isopnds occurred regularly hut in low percentages in diets 
o f  dusky pipefish in classes between 70-169 mm TL, and fishes were relevant in dicis 
only for speeimes between 160-169 mm TL.
Palaemonids were the most important food item in almost all months (Fig.
3.8). Most o f  the time, values for the grass shrimps were higher than 50%. 
Amphipods showed high percentage values in May and October, and they were the 
principal prey in November, prohahly because pipefish o f  intermediate length 
predominated in the samples, while larger fish had migrated to deeper waters already, 
Mysids were important in July, September, and November, isopods in July and
90
Fig. 3.8. Food items found in the guts of the dusky pipefish, S. floridac, from the 
lower York River by month. Total number of specimens analysed is on the top; 
number o f  empty guts is in parentheses.
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f ig ,  3.9, Comparison between total food wet weight versus total length in pregnant 
males am! gravid females o f  the northern pipefish, S. fuse us . o f  the lower York 
River, Virginia.
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August, anti fishes (syngnathids) were mainly preyed on during July.
As observed for £ . fuse us. gravid female S. fluridae appears to feed more than 
pregnant males (Fig. 3.9). However, ANCOVA showed again that there was no 
significant differences in the slopes (F, t = 0.01; p > 0 .9 0 4 7 ) .  Regression equations 
obtained for both sexes between food wet weight (F) and total length (TL) were:
Male. F =  0.0006 TL - 0.1)56 (n =  30; F =  0.53);
Female: F^O .0006  TL - 0.041 (n=  3U; H =  0.34).
Diet overlap
Spearman rank correlation coefficient suggested that total diet of hoth 
pipefishes was significantly different (rt = 0,404; d f=  17; t^  = 1.991; p < 0 ,0 1 ) .  
Schoener’s diet overlap index showed that S. fuse us and S. fluridae did not prey in 
high proportion on the same foods, except in some months and length classes (Fig.
3.10). In July, the overlap index was 57.77%, when hoth species consumed a high 
proportion of amphipods and isopods. In all other months values o f  this index were 
below 43.00% . Because copepods represented the principal food item for specimens 
< 1 1 0  mm T L  of both species, there was high overlap in diets o f  fishes in this size 
range From 110 to 170 mm TL. the diet overlap index decreased, and was 
< 4 1 .0 0 % , indicating that adult pipefish o f  each species utilize different food 
resources.
Snout size is significantly different between species (ANCOVA; F, , =  621.29;
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p > 0.0001), and this morphological difference could explain those difference!) 
observed in the food habits of holb pipefishes. Svnanathus fluridae has a larger snout 
than !S. fuse us (Fig. 3.11). The difference in snout size between species increases 
with size, and this difference increases in specimens larger than 90 mm TL. This 
could allow S. flnridae to prey on larger food items, such as grass shrimps.
Total length o f  Ihe most important prey found in guts of both pipefishes was 
measured from samples taken in May. The amphipod Gammarus mucronatus did not 
change in mean size with an increase in size o f  the northern pipefish (Fig. 3.11, 
bottom) In other words, different length classes of the northern pipefish consumed 
G, mucronatus of similar size. In contrast, the dusky pipefish preyed on different 
sizes of grass shrimp Palaemonetes pugio (Fig. 3.11, bottom). Larger dusky pipefish 
were able to prey on larger grass shrimps, perhaps as a result of increased snout size 
(and probably snout and mouth width).
DISCUSSION
The role o f  neklonic communities in scagrass beds has been well documented 
(e .g ., Orth & Heck 1980; Heck & Thoman 1984; Heck & Weinstein 1989; Aliaume 
el al. 1990; Snodgrass 1992), as has the food habits o f  many species in these 
communities (Brook 1977; Kikuchi & Peres 1977; Stoner 1979; among others). Also, 
the importance of seagrass for a diverse and abundant invertchrale community was 
discussed by Orth (1984) and Fredette el al, (1990), However, many questions
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Fig. 3.10. Shoener’s diet overlap index estimated between the northern and the dusky 
pipefishes from the lower York River, by month (upper) and by length classes 
(lower).
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between ihe northern and ihe dusky pipefishes of the lower York River. At the 
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concerning the use of different food resources in these habitats by congeneric, co­
existing predaior species still rem ain. This is Ihe case for S. fuscus and S. floridae. 
which co-oceurr in the same seagrass beds in Chesapeake Bay during the mating 
period. These pipefishes are superficially sim ilar morphologically, hut adults, in 
particular, were found to util i/e different food resources.
In fish communities inhabiting seagrass beds in lower Chesapeake Bay, S. 
fuscus ranked second in abundance, while S. floridae was ranked sixth (Otlh & Heck 
1980). l;or this area, we found that S. fuscus preyed mainly on epibenthic organisms 
followed by planktonic prey. O ur results showed some differences when com pared to  
previous studies (Hildebrand and Schorocdcr 1928; M ercer 1973; Rycr and Orth 
J987). Copeptnls were the most important food item for S. fuscus smaller than 
110 mm TL, while amphipods were more im portant for larger specimens,
Hildebrand & Schroeder (1928) analysed gut contents o f S. fuscus. and found that 
food of this species consisted largely of small crustaceans, principally copepods and 
amphipods. They also observed fish fry. insects, and strands of algae, which were 
probably accidentally ingested. M ercer (1973) found thal S. fuscus fed predominantly 
on mysids, isopods and amphipods, and concluded Ihat types and sizes {if food 
organisms taken by pipefishes were related to the jaw specialization o f syngnathidst 
with jaw  shape limiting feeding to suction. H ow ever, M ercer (1973) did not specify 
ihe number and size o f fish analysed, as well as  the methodology employed in that 
study. Ryer (1981) observed that S, fuscus is a daylight feeder, and Ryer & Orth
(1987) examined gut contents o f S. fuscus noting that gammarid amphipods, caprelid
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amphipods, isopods, and calanoid copepods were ihe dominant food items, with some 
seasonal and ontogenetic variations in ihe proportion of prey ingested- Seasonal 
variation in the guts of §. fuscus studied by Ryer & Orth (1987) was related to 
differences in the predominant Jenglh groups preseni in the fish they used in their 
analysis. We did no; observe seasonal differences in food habits o f S. fuscus. 
probably hecause our data were biased toward the modal and dom inant size group, 
however there was ontogenetic variation in food habits, w ith a sharp change in prey 
preferences as maturity was achieved.
U ltle  attention has been given to the food habits of S. floridae. In the 
Chesapeake Bay, Hildebrand & Schroeder (1928} analysed 13 slomachs o f S. floridae. 
and they found that small crustaceans including schiznpnds, isopods, and copepods 
were the predom inant prey. M ercer (1973) observed sim ilarities in ihe food 
preferences between S. floridae and S. fuscus. but some food items showed slightly 
different proportions in respective diets of these two species. We found large 
difference in the food preference between both adult pipefishes. Am phipods 
constituted the basic prey for S. fuscus. while grass shrimps were the hasic prey for 
S. floridae. O ther papers, which have dealt with the feeding habits o f  S. floridae 
focused on the I'lorida coasi, Reid (1954) analysed 40 specimens o ff Cedar Key, and 
found a predominance of shrimps and amphipods. Brown (1972} analyzed the 
contents o f  140 slomachs o f £5. floridae from the eastern G ulf o f  M exico, and found 
that small shrim ps and mysids were the most important items in the diet o f  5 
floridae. Brook (1975) analysed 40 specimens from Card Sound, and observed that
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S, floridae was a daylight feeder, which preyed mainly on caridean shrimps. He 
concluded that the long snoul o f  S, floridae either may he an adaptation for capturing 
the caridean shrim p that graze the Thalassia epiphytes, or an example of niche 
segregation with S. scovelli. the most abundant pipefish in that area. Brook (1977) did 
nol find food selection between sm aller specimens o f S. sen veil v and S. floridae from 
Card Sound, hut ihe only food items found in the guts o f  the dusky pipefish were 
caridean shrimp. All o f these studies corroborate the fact lhat 5. floridae preys more 
heavily on shrim ps, regardless of habitat.
Pipefish offspring probably are first preyed upon by their own parents. They 
must lie most available to the parents when they are leaving the hrood pouch, because 
they are closest to the male which does not have the foraging range of females, and 
they are changing from one microhabitat to another, with not yet defined shelter.
Filial cannibalism  is especially prevalent in fishes with parental care (Fitzgerald 
1992), Two different patterns o f  filial cannibalism have been suggested by Sargent 
(1993). One is an investment in future broods, and the other is an investment in the 
survival of the present brood. Neither pattern seems to agree with this study. 
N ew born pipefishes were important only in a particular month and length group, and 
offspring ingested hy these species represented less than 1.5% of the total food. 
Pipefish could be preying on  the weakest offspring, because some offspring may 
receive fewer nutrients from the male brood pouch epithelium. Brown (1972) 
observed cannibalism  ill the pipefishes, S. scovelli and floridae in Florida, and 
M ercer (1973) also found evidence o f cannibalism in S. fuscus and S. floridae o f
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Chesapeake Bay.
The presence o r mutilated individuals, specially lacking ihe tail, suggests that 
pipefishes are also subject to predation in the grass beds. Apparently, adults of the 
northern pipefish seem not to have many predators. Lascara (19KL) observed that the 
northern pipefish represented 3.4% in frequency, and 2.1% in number in stomach 
contents o f  the summer flounder, Paralichthys deniatus. from grass beds located in 
southeastern Chesapeake Bay. Gordon (1956) reported the entanglement of S. fuscus 
in tentacles o f  Physalig pelagica. Strawn (1958) pointed out that the dusky pipefish 
was eaten by the blue crah, Callinectes sapidus. Although we do not have direct 
observations of pipefish predation by the blue crab, this species seems to have the 
most potential to be responsible for the mutilation observed.
It appears that gravid female S, fuscus and S. floridae feed m ore intensely than 
pregnant males, besides the fact that the slopes were not significantly different. 
Svensson (1988) found that in the pipefish, S, typhle. reproducing females had a 
significantly higher individual feeding activity compared with pregnant males and non 
reproducing females. In another pipefish species, Neronhis onhidion. Svensson
(1988) also found differences in feeding activity between sexes. Steffe et al. (1989) 
found that males of two pipefish species (Sliumatupura argus and S. nigra) 
consistently had lower gut fullness levels than females, irrespective o f  habitat. They 
concluded that males have decreased foraging capabilities, resulting from the fact that 
males pay a heavier price in breeding, particular months, or in some length classes. 
The long snout of S. floridae (Brown 1972), seems to be the principal factor for such
1 0 0
difference in ihe food habits of both species. Unlike adults, smaller specimens did 
not differ much in snout size. Therefore, juveniles do not have many options to 
capture prey larger than copepods. Franzoi et al. (1993) found some dietary overlap 
heiween two co-occuning pipefishes (Syngnathus taenionoms and S. abaster), but only 
during the spring, when the newly bom fed exclusively on harpaticnid copepods, a 
result that agrees with ours.
Suction has long been discussed as the principal form of feeding for pipefishes 
and seahorses. However, biting must play some importance for the species, because 
we found pieces o f polychaetes in the guts, which probahly could not be ingested by 
suction alone. Also, S. floridae showed a high proportion of Palaemonetes eggs in its 
guts. It seems lhat dusky pipefish may attack adult egg-bearing grass shrimp, and the 
long snout allows this pipefish to bite the eggs from the abdomen o f that species.
Adults of the two pipefish species studied utilize different food resource 
in submerged aquatic vegetation beds in lower Chesapeake Bay. Secondary 
produclion in these SAV beds is rich, abundant and diverse (e .g ., Fredette et 
al. 1990), yet a sharp partitioning of trophic resources between these 
morphologically similar pipefishes occurs. Since there seems to be no 
limitation o f food items for these co-existing pipefishes, why do their diets 
differ so muchV One plausible reason is that they differ significantly in mouth 
shape which translates directly to different capabilities when ingesting prey 
organisms Morphological differences in feeding structure allows these two 
pipefishes to exploit different components of the potential prey spectrum.
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thereby reducing the possibility for interspecific competition for trophic 
resources if o r when they become potentially limiting.
CHAPTER 4
Histology of the brood pouch o f the northern pipefish, 
Svngnathus fuscus (Pisces: Syngnathidae)
102
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ABSTRACT
The brood pouch o f the northern pipefish, Svngnathus fuscus. was 
exam ined histologically. As in many syngnathids, males o f  the norihern 
pipefish develop a ventral brood pouch, which holds the eggs until the larvae 
are released. The brood pouch of the non hem  pipefish is composed or a thin 
stratified squamous epithelium , com posed o f  two to five colum nar cells in a 
non-pregnant male, and just one layer o f  squamous cells in pregnant males.
The epithelial tissue also contains many goblet cells. A third cell type that 
m orphologically resembles alarm substances, develops within the epidermis 
around the brood pouch entrance during incubation o f eggs. Both, epithelial 
and connective tissues of the broixl pouch wall are highly elastic and expand 
during Ihe development o f  em bryos, and will provide space for growth. After 
em bryos are released, the hrood pouch wall appears to he com pletely flaccid. 
The connective tissue immediately below  the epithelial lining o f the brood 
pouch is highly vascularized in a pregnant male, and may play a role in 
furnishing oxygen to the eggs and emhryos. I'urther studies are needed in 
order to determine wether epithelial and connective tissues function in a 
fashion analogous to  the inammaliam placenta during the latter stages of 
developm ent when embryos have entirely resorhed the yolk material.
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IN T R O D U C T IO N
The northern pipefish, Svnpnathus fuscus. occurs from  Prince Edward 
and Cape Breton Islands in the G ulf o f St. I,aw rence south to Jupiter Inlet and 
the lower reaches o f  the Loxahatchee R iver, in Florida (D aw son, 19B2), As in 
other syngnathids, the females o f the northern  pipefish deposits the hydrated 
oocytes into the hrood pouch o f a male, w here they are fertilized, incubated 
and subsequently released as offspring. Fem ales do not play a further role in 
caring for the offspring (BergJund et a l., 1986),
There is general agreem ent among researchers that m ale syngnathids 
provide the em bryos with nutrients, oxygen, and optim un ionic and osmotic 
conditions for their developm ent (Lciner, 1934; Linton & Soloff, 1964; 
K ronestcr-Frei. 1975; H aresign & Shum way, 1980; Quast & llow e, 1980: 
Berglund et al., 1986). H ow ever, Azzarello (1991), pointed out that the male 
syngnathid hroud pouch serves neither as Ihe prim ary nutritional source nor as 
an osmotic buffer for the developing em bryos after they reach total length of 
4 .0  mm.
Several studies have been conducted on the physiological role o f the 
syngnathid brood pouch. LockwotnJ (1867) observed that the wall o f the 
hrood pouch o f the seahorse Hippocam pus hudsonius ( =  JJ. erccius) became 
internally richer in fal after reception o f  eggs, becom ing a thin mcmhranc after 
hatching o f larvae, Huot (1902) pointed out that syngnathid eggs were 
encompassed by tissues perfused with rich blood vessels supplying
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nourishm ent. Gill <1905) observed that the seahorse hrood pouch was not only 
physiologically ada plated for the reception o f eggs, but for their sustenance as 
well. G udger (1905) studied ihe breeding habits and the segmental ion o f the 
eggs o f  the pipefish Siphosioma floridae (=  Svnpnathus floridac). and believed 
he had enough evidence to explain the transfer of nutrients from the male 
pipefish ’placenta'1 to its embryos. Thevenin (1936) observed thai in 
seahorses the connective tissue lining the pouch changed during the m om ent of 
conception, evidencing multiplication and enlargement of capillaries causing 
the I issue to swell and become sponge-like.
Linton & Soloff (1964) studied the physiology and histology o f the 
hrood pouch of Ihe male seahorse H ippocamnus crectus. and conducted a 
histochemical analysis o f  glycogen, lipid, and phospholipid. They found that 
during the incubation period, the calcium concentration of the pouch fluid 
decreases as incubation progresses and that calcium is taken up by the em hryos 
within the pouch. They also observed the presence of numerous capillaries 
within Ihe hase o f  the brood pouch connective tissues. Spannhof ami Bremer 
(1969) concluded that the main function of the syngnathid brood pouch was to 
ensure gas exchange. Hudson and Hardy (1975) pointed out lhat the narrow' 
end o f the seahorse egg embeds in tile wall o f  the brood pouch and that the 
transfer o f  nutrients takes place ihrough this part of the egg. K ronester-Prei, 
using light and electron microscopy, descrihcd the m orphological changes in 
the brood pouch o f the pipefish Nerophis lum hriciform is. and concluded that it
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seem ed to provide for transport of inorganic ions from the m ale's circulatory 
system  to embryos.
M ore recently, IJaresign A Shumwny (1981) injected a radioaciively 
labelled non-metaholizable amino acid into pregnant males o f Syngnathus 
fuscus, and observed its transfer from paternal tissue to developing young. 
Highest levels o f the radioactive amino acid were found in em bryos with 
greater amounts of yolk.
As syngnalhids have shown great interspecific variability in 
reproductive biology, including differences in operational sex-ratios, male 
choice, and the general sexual selection, this paper attem pts to examine 
possible modifications which may occur in the hrood pouch tissue o f ihe 
nonhen pipefish, S. fuscus. before, during, and after incubation o f eggs by 
males S. fuscus.
M A TERIA LS AND M E T H O D S
Northern pipefish were collected with a dip net (3 mm mesh size) in 
cclgrass beds located on the northeast shore o f the lower York River, 
Chesapeake Ray (at approximately 37"24‘N latitude, 75"58’W longitude). 
Samples were taken during daylight in May (n =  16) and November 1992 (n = 
5), representing the beginning and the end o f the reproductive cycle o f this 
pipefish species in the lower York River (Mercer, 1973).
After collection, fish were immediately preserved in 10^  neutral
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buffered formalin for a maximum o f 24 h. They were then washed in running 
tap water overnight and stored in 70% ethanol. Specimens were decalcified 
using the formic acid-sodium citrate method (Luna, 1968), This method 
consists of mixing two different solutions: Solution A: sodium citrate (50 .0  g) 
and distilled water (250,0 ml); Solution B: 90% formic acid (125.0 ml) and 
disiillod water (125 0 ml). Both solutions were mixed in equal proportion, and 
specimens were held overnight in the solution. They were then washed in 
running tap waler for one hour, and the end point of decalcification 
determined.
After the decalcification, tissues were processed by routine methods for 
paraffin histology (Luna, 1968). Briefly, they were dehydrated in a graded 
series of ethanol solutions, cleared in xylene and infiltrated and embedded in 
paraffin. Tissue blocks were sectioned at 5 urn on a rotary microtom e and 
sections were stained with Harris hematoxylin and eosin ( I I+ E ) .
R ESU LTS
The male northern pipefish brood pouch undergoes a series o f 
progressive morphological and cellular modifications from a period o f non- 
pregnancy to hatching and release o f  (he fry (Fig. 4.1). Bony plales surround 
almost the entire pipefish body, but are absent around the mid lateral point o f 
the brood pouch. In a non-pregnant male, the tissues lhat com prise the brood 
pouch wall appear very thick (Fig. 4. la ), whereas in a pregnant male the
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tissues appear very thin (Fig. 4. lb). Growth of the embryos causes the 
distension and Ihinning o f  the brood pouch wall. Embryo pressure against the 
brood pouch continues 1o increase, and the brood pouch tissues continue 
distending in order to create m ore space for the em bryos. The chorion of 
recently deposited eggs is not in intimate contact with the epithelium as shown 
in figure 4 . tb .  As egg developm ent advances, the epithelium continues to 
stretch, hecom ing progressively thinner and squamous in appearance (Fig. 
4 .2c). W ith time, this thin epidermal layer becomes close associated with ihe 
chorion o f individual eggs, and begins 1o isolate eggs into individual 
"com partm ents’' (Fig. 4 .2b). The chorion which surrounds the em bryo is 
thinner than that observed for other telcost fishes. The Ihickness o f  the brood 
pouch tissues decreases as the development of eggs advances, and the brood 
pouch will look flaccid after the newhorn pipefish are released (Fig. 4.1c}.
The brood pouch (or marsupium) of the northern pipefish is lined hy a 
typical stratified squamous epithelium (Fig. 4 .2a), but ii is not keratinized.
The epithelium  thickness can range from two to five colum nar cells in a non- 
pregnant male, but consists o f  only one layer of squamous cells during male 
pregnancy, which occurs because the tissue expands during the development of 
eggs. The epithelial tissue also contains a large num ber of mucus (goblet) 
cells, which appear as empty cells in H & E preparation (Fig. 4 .2a  and b), 
Following deposition o f hydrated oocytes inside the male brood pouch by the 
female, a third cel] type is observed comprising the epithelium  located at the
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l:ig. 4.1. Pipefish brood pouch in differcm stage of embryo development. 
4,1a) hrood pouch before the reception of eggs, evidencing the tickncss of the 
tissues; 4.1b) Advanced stage o f  compartment formation, which segregates 
embryos inside the hrood pouch; 4.1c) flaccid brood pouch. e =  embryo, ys = 
yolk sac (10/0.22). 3c) flaccid brood pouch after embryos are released 
(2 .5 /0  08).
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Fig, 4 .2 . Elistological structure tit the northern pipefish brood pouch in 
different egg/enihryo development stages. 4.2a) shows epithelial tissue cel Is 
<HT) surrounding the pipefish brood pouch before egg reception. Connective 
tissue (CT) is readily apparent below the epithelial cells, which has some 
mucus cells (MC) (10/0.22); 4 .2b) H igher magnification (25/0.65) oT epithelial 
tissue surrounding pipefish brood pouch, evidencing mucus cells (M C), and 
allaim  cells (AC) appearing in the entrance of the hrood pouch after egg 
reception; 4 .2c) concentration o f resembling allarm cells from the entrance 
into the hrood pouch (2 5 /0 .08); 4.2d) distribution and shape of allar cells in 
the epithelial tissue o f the brood pouch (40/0.95).
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at the entrance of the brood pouch (Pig. 4 ,2b ,c  and d). Tilts cell is very large 
and contains a hom ogeneous eosinophilic substance. These cells are dispersed 
throughout the epithelial lining, however their concentration decreases inside 
ihe brood pouch (Pig. 4 .2c). They are spherical or oblong, larger than other 
epithelial cells, and comprise a significant proportion o f the epithelium (Fig.
4 .2d). They closely resemble the "alarm substances cells" or 
"Schereckstoffzellen" occurring in certain sealeless fishes.
The connective tissues allow the exipansion o f embryos during 
developm ent (tig. 4 .2d), The connective tissue o f the northern pipefish hrood 
pouch is richly endowed with hlood vessels, which are not as prominent in the 
brood pouch of the non-pregnant male.
DISCUSSION
This histological study o f the northern pipefish indicates that the brood 
pouch wall is composed o f a stratified squamous epithelium and underlying 
loosely organized connective tissue layer, Doth tissues are highly clastic and 
undergo modifications during the development and growth o f embryos, this 
elasticity allows accomodation of the eggs inside the pouch, and avoids 
com petition for space.
The highly vascularized connective tissue of the hrood pouch wall in 
pregnant male northern pipefish suggests a role in gasseous exchange of the 
eggs and embryos. These blood vessels are not as prominent in the hrood
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pouch o f non-pregnant m ales; they were not observed in H & E preparations 
The vascularization observed in the brood pouch connective lissuc is not usual 
in ihe abdom inal wall o f o ther teleosts, but is very com m on in other 
syngnathid species, such as the seahorse H ippocampus erectus (Linton &
Soloff, 1964). So, vascularization must have some physiological relationship 
with the eggs and em hryos, and suggests a function sim ilar to ihe m am m alian 
"placenta", however, these structures are not homologous. The relatively thin 
chorion in this species also suggest that transference o f substances may occur. 
W ith the exception o f U nion & S oloff (1964), who observed that the 
brood pouch epithelium o f  the seahorse had varying num bers o f rather large 
oval or rounded profiles w hich were presum ably gland cells, no one has 
descibed the presence o f a cell resembling the alarm substance cells in the 
brood pouch epilhelium o f  syngnaihids. A s this cell type is observed only 
when eggs are deposited in the brood pouch, they may probably produce 
substances that act as a defense for em bryos against o ther m icroorganism s, 
t hese cells m orphollogically resemble the club cell in the dermis o f other 
lelosts that do  not have scales. The channel catfish, Icialurus punctatus. has 
club cells (Schreckstoffzellen) around the epiderm is, excepting the barbels, 
which produces a "fright suhstance" only w hen the epiderm is is injured 
(Pfeiffer, 1963; Grizzle & Rogers, 1976). In the Schreckstoff system, and in 
other alarm  pherom one system s, the active chemicals are released by 
mechanical dam age or injuryto the sender, and receivers respond with
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behavioural changes, the fright reaction, that may reduce the receiver’s 
vulnerability to predation (Smith, 1992). In the case of the northern pipefish, 
hisiuchcm istry analyses are needed to identify the substances produced by this 
morphologically very similar cell and to determine its true function.
The outermost lay eT  of the epithelial tissue of the male brood pouch 
also has a great number o f  mucus cells. Skin mucus o f fishes is important as 
a natural defence against parasites and pathogenic micro-organism s (Fletcher,
1978; Ingrain, J980), besides other possible osm oregulatory, immunological 
and lubricaiing functions (Van Oostem, 1957: Rosen & C ornford, 1971). The 
active immunity part that the skin mucus can take is suggested by the presence 
o f lysozym es and antibodies (Fletcher & Grant, 1968 and 1969; Di Conza & 
Malliday, 1971; H etcher & W hite, 1973: Harrel et al. 1976).
A lthough some studies have been conducted on the physiological role o f 
the xyngnathid brood pouch, many questions still remain unanswered. For 
exam ple, how do embryos survive and grow whithin the hrood pouch once the 
yolk sac is consumed? Very little is known about how long em bryos remain 
in the brood pouch, and what the source of nutrients would be if they are not 
in touch with the epithelium brood pouch. The present paper cannot answ er 
this question, because more studies on the later stages o f  em bryo developm ent 
are needed.
CHAPTER 5
Reproduction and food habits of the lined seahorse, 
Hippocampus erect us (Pisces: Syngnathidae) 
of Chesapeake Bay
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a b s t r a c t
Aspects of the reproductive and feeding biology o f the lined seahorse. 
H ippocampus crectus. were studied in Chesapeake Bay, Seahorses are 
monogamous, and the males incubate the eggs received from females in a 
closed brood pouch, whereas the female does not provide any parental care 
after mating. The lined seahorse occurs in low abundance in Chesapeake Bay, 
only maintaining a breeding population which probably is brought inside the 
hay on drifting vegetation by currents, Total sex ratio and Ihe operational sex 
ratio were strongly skewed toward females, suggesting perhaps that males limit 
fem ale reproductive success in this region. Males and females have sim ilar 
num ber of eggs/embryos and hydrated oocytes, respectively, The num ber o f 
eggs/embryos found in the male brood pouch varied from 97 to 1552 (fish 
from  80 to 12b mm TL), whereas the number o f  pre~hydrated oocytes in 
fem ales varied from 90 lo 1,313 (fish from 60 to 123 mm TL), The num ber 
o f  eggs/emhryos and hydrated oocytes were linearly better correlated to total 
weight than to total length. Small snout and mouth size limit feeding o f lined 
seahorse to small size prey. Amphipods were the predominant food items 
found, primarily Ampithoe longim ana, Gammarus mucronatus. and Caprella 
penantis.
IN TR O D U C TIO N
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The lined seahorse, H ippocampus c rectus Perry IRIO, occurs from 
Nova Scotia (o Uruguay, is most common in deeper w ater where vegetation is 
ahundant, arid can tolerate a marked range in salinity and temperature (Vari, 
1982). The male seahorses exhibits sex role reversal. Fertilization and 
incubation o f oocytes received from the female occurs in a sac-like brood 
pouch located under the tail. After oocyte transference, females do not play a 
role in parental care. The male hrood pouches in seahorses are Ihe most 
advanced among all syngnathid species, and is open only through an 
amerom esial pore (Vari, 1982),
Vincent ct al. (1992) contested the fact that the seahorse, Hippocampus 
fuscus. has sex role reversed. These authors staled that ihe males of this 
seahorse are the predom inant competitor for access to mates: males exhibited 
higher levels of sexual behaviour, and have the two most overtly aggressive 
behaviours in courtship, tail wrestling and snapping with the snout. The poinl 
o f  view presented by Vincent et al. (1992), that sex role reversal is not 
synonym ous of parental care in syngnathids, creates a confusion about 
understanding sex role reversal. I will follow the Iraditional and simplest idea 
that male syngnathids have a brood pouch, which protects, osmoregulates and 
aerates the eggs in compartments Located in a "placenta-like" (Linton & Soluff, 
1964), w hich should be a female prerogative in other vertebrates. Then, this
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characteristic makes the male syngnathids sex role reversal.
There is little information concerning the biology of the lined seahorse. 
Fish (1953) reported underwater sound production for this seahurse. Linton & 
Soloff (1964) studied the physiology of the male brood pouch. They found 
that the pouch provides optimum ionic and osmotic conditions for the 
development o f  eggs and emhryos. Hildebrand & Schroeder (1928) cited that 
IL  hudsonius ( =  H. erectus) was not very common in Chesapeake Hay, 
reached 150 m m , and its prey items consisted of small crustaceans. Vari 
(1982) cited that the usual number o f  eggs in the brood pouch varied from 
250-400, and cope pods, amphipods, and other small crustaceans represented 
the principal prey. James & Heck (1994) observed that variation in scagrass 
structural complexity appeared to have little effect on the foraging of Ihe 'sit 
and wait" visual predator exhibit by the Lined seahorse, whereas variation in 
light level produced significant shifts in capture rates.
The present study attempts to assess the abundance, reproductive and 
feeding biology of the lined seahorse in lower Chesapeake Bay, especially in 
the lower York River estuary. Fecundity and fertility were compared between 
females and m ales, and the food habits were studied.
m a te r ia l  and  m eth o d s
The lined seahorse was collected with several fishing gears and in many
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different localities in the lower Chesapeake Bay, V irginia. M ost o f  them were 
collected in the lower York River, at stations which support extensive beds o f 
subm erged aquatic vegetation (Fig. 1.1). The dom inant celgrass is Zostera 
m arina , which undergoes seasonal and annual fluctuations in distribution and 
abundance (Orth & M oore, 1986).
For the hiological analysis, samples were taken from M ay through 
Septem ber 1992 primarily wilh a 3 mm mesh dip net during low slack water 
between Sarahs' Creek and the Coleman bridge (Station 1), at approxim ately 
37”2 4 'N , T S ^ S ’W (Fig. 1.1. Chapter 1), at a depth not greater than 1 m. 
Periodicity of dip net samples varied from month to month. Additional 
sam ples were taken wilh: 1) A 3Q foot semi-balloon o tter trawl. The tow 
duration was five minutes bottom time at a speed of approxim ately 2.5 knots. 
The trawl survey program consists on a monthly (excepting February) random 
stratified design survey o f  the lower Chesapeake Bay, and fixed station mid- 
channel transects in each o f the three major Virginia tributaries: the York, 
Jam es, and Rappahannock rivers (Bonzek et al., 1993). Trawl survey samples 
were taken from May 1992 through August 1994, and for the hiological 
analysis, only the fish saved by the Irawl survey staff were used; 2) A crab 
scrape apparatus, 0.5 x 1.5 m with 5 mm mesh size, was used from June 
through August 1993 at site 2, and was sporadically used in other months.
Trawl survey data from January 1988 through Decem ber 1993 was 
used to ohscrvc abundance, and the relationship to salinity and tem perature.
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Between years, abundance was compared by one-way analyses o f variance 
(ANOVA).
Fish were preserved in 10% formalin for a maximum of 24 h, and then 
washed and Iransfeted to 70% ethanol Laboratory procedures included: 
identification of species based on Dawson (1982); measurement of each 
specimen for lotal lenglh (TL in mm), from the top of head to the tip of tail 
where the tail is straightened and the head oriented perpendicular to the 
Longitudinal axis of the tail (Vari, 1982); lotal body and gonad weights 
(0.001 g) were also recorded. Ovary weight (0.001 g) w h s  recorded to 
calculate the gonadosomalic index (GSI = ovary weight/total weight x 100).
The number of of eggs or embryos in the male’s hrood pouch and the 
number of pre-hydraied oocytes in Ihe ovaries were counted for fecundity and 
fertility comparisons between males and females. The following scale was 
used to separate different eggsfembryos stages: 0- non pregnant males; I- eggs 
newly deposited in the pouch; 2- embryos in the beginning stage of 
development or still containing yolk sac; and 3- embryos without yolk sac, 
ready to be released. Analysis of covariance (ANCOVA) was employed to 
test slopes between cases. Data analyses were performed on log transformed 
data due to inequality of variances. Log transformations were employed after 
testing for homogeneity of variances using the Hartley's F-lest. Since the data 
was unbalanced, the general linear model (GLM) of the Statistical Analysis 
System (HAS Institute, 1985) was applied to ihe data to test for significance.
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Only the first portion of the guts were used for assessing the diet o f the 
lined seahorse. Prey were identified to the lowest taxon wherever possible, 
and quantified hy frequency of occurrence (%F.O.) and number (%N). For 
assessing possible variation in Ihe diet, specimens were divided In three length 
groups: 1) small ( < 6 0  mm TL); 2) mid sized (60-99 mm TL); and 3) large 
{ > 9 9  mm TL),
RESULTS
The trawl survey program collected 448 lined seahorses from January 
1988 through December 1993. No significant differences were found in 
abundance among years (ANOVA: F l5 = 1.15; P>0.3366>, despite the 
apparent inter-annua I variation in number of fish collected (Fig. 5,1 A).
Pooled monthly data showed that abundance increased from April to June, 
and from September to November (Fig. 5 .IB), while only a few specimens 
were collected during the winter months. The second peak in abundance from 
September to November seems to be related to the recruitment of juveniles. 
Lined seahorses occurred in temperatures which ranged from 5.0 to 28 llC, and 
in salinities from 9.2 to 35.5 ppt (Fig. 5.1C). There was no correlation 
between abundance and these abiotic parameters.
A total of 136 seahorses were examined for biological data during the 
study, ranging in size from 23 to 126 mm TL, Total sex ratio was skewed 
toward females. From the fish examined, 40 were males, 66 females, and the
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remained immatures. Total male-female sex ratio was (1,6:1, which was 
significantly different from the expected 1:1 ratio (*J = 60.37; P > 0.001).
The operational sex ratio was similar to the total sex ratio. Sixteen males were 
pregnant, whereas 38 females had running-ripe ovaries. No females were 
examined with totally hydrated oocytes. The male-female operational sex ratio 
was 0.4:1, which was significantly different from the expected 1:1 ralio t*1" 
18.96; P > 0.001). Total length of males and females were similar (Fig. 5.2)
The gonadosomatic index of females larger than 70 mm TL varied from 
0.26% to 13,44%. Based on pooled dala, mean gonadosomatic index varied 
from 0.51% in April to 7,33% in August (Fig. 5.3). The reproductive period 
of the lined seahorse in Chesapeake Bay appeared to start in May and finished 
in October.
Males and females showed similar numbers of eggs or embryos and 
pre-hydrated oocytes, respectively, and number of eggs or embryos and 
oocytes were correlated with size (Fig, 5.4), ANCOVA showed that there was 
no significant difference between number of eggs and number of pre-hydrated 
oocytes using length as the covariate <F, i=  0.36; P > 0.5485), The number of 
eggs/embryos counted inside Ihe brood pouch ranged from 97 to 1552 (mean = 
451), in males which varied in lotal length from 80 to 126 mm. The number 
of pre-hydrated oocytes in females varied from 90 to 1,313 (mean= 460), 
where total length ranged from 60 to 123 mm.
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Pig, 5.1, Abundance of ihe lined seahorse in Chesapeake Bay. A) Imcr-annual 
variation in abundance of fish sampled with otter-trawl from January 1988 
through December 1993. B) Pooled monthly data of abundance of fish sampled 
with otter-trawl from January 1988 through December 1993; C) Distribution of 
samples in relation to temperature and salinity.
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fig , 5.2. Total length frequency distribution of the lined seahorse used to 
assess the reproductive and feeding biology, collected with different fishing 
gears froth May 1992 through Sepiember 1993.
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Fig. 5 ,3 . Gonadusomaiic index (GSI) of females of the lined seahorse of the 
Chesapeake Hay. Uars= mean GSI; vertical lines = siaxidard deviation.
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Fig. 5 .4. Relationship between fecundity and fertility o f the lined seahorse of 
the Chesapeake Bay. A) Relationship between number of eggs/embryos or 
oocytes against total length; B) Relationship between number of eggsfcmhryos 
or oocytes against total weighl.
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The number of eggsyembryos (R) or prehyd rated oocytes (O) was 
heiter correlated with total weight (TW) than total length (TL). The regression 
equations were:
l i=  10.22 TL - 604.76 <n = 16; 0.45):
E = 67.43 TW + 16.14 <n = 16; r^= 0-57);
0 =  15,18 TL - 865.55 (n =  38; r2=  0.59);
0 =  138.R7 TW - 30.44 (n =  38; r =  0.73).
Non fertilized eggs frequently occurred inside the male brood pouch, 
They were observed in 50,0% of the observed males, and they represented 
from 1.72 to 32-9% of the lotal number of eggs/embryos in the brood pouch. 
Fertilized eggs in the pouch are irregular but spherical in shape, while pre­
hyd raled oocytes are
cuneiform. Hydrated oocytes may have a shape similar to that o f eggs newly 
deposited in the male pouch. The pre-hydrated oocytes all had similar 
diameter, evidence thal the lined seahorse is a total spawner.
From the fish collected, 133 (97.8%) had full guts. Feeding of the 
lined seahorse is limited by snout shape and width, as is the case with other 
syngnathids. Amphipods were the most important prey, followed by 
copepods. The most important identified amphipods for frequency of 
occurrency and by nummerical abundance in the gut were: Ampithne 
loneimana. Gammarm inucronatus. Caprella penantis and Stenothoe mi nut a 
(fable 2). Ampithoc longimana was more frequently found, whereas G,
127
mucronatus was the most prey found Besides some small crustaceans, other 
groups, such as molluscs and polychaetes, did not represent important items in 
the diet of the lined seahorse.
Frequency of prey in the guts was analysed hy length groups (Fig.
5,5), and amphipods were most frequent in all size groups. Smaller fish 
( < 6 0  mm TL) fed mainly on amphipods, with copepods secondarily 
important. Mid size (60-99 mm TL) and larger (> 9 9  mm TL) fed almost 
exclusively on amphipods. Ampithoe longimana was most frequent in the 
smaller and larger fish gut contenis, and G. mucrunatus was most frequent in 
the mid size group.
DISCUSSION
Relatively few specimens of the lined seahorse occupy Chesapeake Bay. 
As a weak-swimming fish, probably some individuals are accidenially brought 
inside the bay by ocean currenis, when they are attached to drifting vegetation. 
Despite the lined seahorse can tolerate a wide range of salinity (Vari, 1982; 
this study), the Chesapeake Bay appears not to he very conducive for this 
seahorse, even though the estuary furnishes an excellent habitat for shelter and 
feeding, and this spccie.s can breed inside an estuarinc habitat. Migratory 
movements have not been recorded for this seahorse, but they are even more 
rare in Chesapeake Bay during the winter, especially at the lower York River. 
Wicklund et at. (1966), observed that during the winter (temperature of
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Table 5.1, Food items found in the guts of the lined seahorse, Hippocampus 
erectus. of Chesapeake Day. %F.O. =  frequency of occurrency; %N =  number 
of prey.
Fuud Items
C R U E T A C IA
C o p e p o d a  
O a t  r a c o d a  
J U r p h i p o d a
A m p ith a id a p
A r u p i  N i c e  I  O i l  £  1 m a u d  
Cprriat i iJsa c t J l t i p r j  
C o l o p M  b d a e
Ctf t ' f lpuo t u i J p I f l r i e  
C o r n p f t i urn tcjturriru l a  Cum 
J s  c h y i u e  e  t  i  d a  e  
J a a s a  f a  1 r a t a  
B a t e i d a e
U d t e a  r f l t f i a r i n e n s j s  
rjamrna 1 1  d a  e
E J a  a jnopu 3  l e v  i s  
C d i n n a r u s  ntJ c i ' tu i  A r u s  
M e i J L *  a p p e d d i - c u l a  [ a 
P l c u e t 1 d a e
5y i np  J e  u s  [ e s  g l a b e l  
S t  e n o t i l o i d a e
£  t  e n o  t  Ji 0 0  m i n u t a  
A m p e l i a c i d a e
A m p e l i a c a  v a d a r u m  
A m p e i i g r *  v e r r i l j i  
Atm 1 d*e
flUtfj I e j l dno i l j eS  6p  . 
f a p r e l  1 i d a e
C ^ p i e l l a  p c - r i d r u i s  
Q t h e i  C a p r e l l i d a  
U n i d e n t i f i e d  A m p h i p o d h  
A n p h i p u d  R e m a i n s  
I H d p o d a
l d c t h a i d a e
E r i c h a n n e l  l a  a t t e n u a t e  
M y s i d a c e a
M y s i d c p s j s  b i g e ] o ^ J  
D e c a p o d *
P a l a e m u U i d a e
Pa J ae.moneCe.9 jicjgin
Pa J *e f f lo j i eCcs  v u l g a r i s  
C r: angc -n  i  d a  e
C r a n g o n  5  f?pi t  e i c s  p  i  n  □  g  a  
P o r t  u r i d a p
Ca I J  i  n e c  t e s  a  a p  j  d u a  I me gA) o p a 1 
HULLUSCA
Gij . i t  r n p u d a  
Cai‘ i t h i  i d Ae
H j t t i L L . i i  v a t i u a i
FO L Y C H A IT A  
H IE C E L A N IO U S
1 P . O .
11.4 
0 J
JS . 1 
i  . i
1 . 7 
5 )
5 J
0 . 9
2 . 6  
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Fig. 5.5. Food items most frequently found in the guts o f the lined seahorse of 
Chesapeake Bay. Pies at the left side represent supra-specific taxa, whereas 
pies at the right side represent the principal amphipod species identified.
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10,6'C) in the Mid-Atlantic Bight, the lined seahorse was found lying 
motionless on the holiom, with its prehensile tail straightened, and exhibited 
no noticeable respiratory movement.
Abundance of the lined seahorse inside Chesapeake Bay did not vary 
significantly from 1988 through 1993. The results were based on trawl survey 
stations, which do not sample the main eelgrass beds inside the bay. Sampling 
of eelgrass beds in the lower Chesapeake Bay hy Orth & Heck {]9B0j, showed 
that the seahorses were not abundant there, and represented only 0.02% of all 
fish collected. Ichthyoplankton samples taken in eelgrass beds in the lower 
Chesapeake Bay by Olney & Boehlert {1988}, did not find (he presence of any 
newborn seahorses, only larger juveniles and these tvere low in abundance. 
During ihis study, the abundance of the lined seahorse occurred into two 
peaks. The first occurred from late spring to mid-summer, and was related to 
increased temperatures. The second peak started in early fail, which appears 
to he related to recruitment. Based on the fertility o f  this seahorse, it is noted 
that just a single male could release more newborn than the entire number of 
seahorses collected by the trawl survey program during the six years. Natural 
mortality and predation may be contributing factors to the ohscrved low 
abundance of the lined seahorse in Chesapeake Bay.
Abundance of the lined seahorse inside Chesapeake Bay could also be 
related to the abundance of seagraas and drifting vegetation, once the 
syngnathids become dependent on it. Orth & Moore (1984) pointed out that
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eelgrass lias suffered several historical fluctuations in abundance, anti the 
causes o f this decline may be related to changes in water quality, primarily 
increased eutrophicaiion and turbidity.
Tire number of pre-hydraied oocytes produced by the female lined 
seahorse is similar to the number of eggs/embryos found in the male brood 
pouch. This suggests that similar sized partners should mate, in order to 
maximize the total number of oocytes present in the female ovary, since the 
lined seahorse is a total spawner and is monogamous. However, as hydrated 
oocytes are very ephemeral, and partners wilh different size could mate, many 
oocytes may not be transfcred to the male brood pouch in the case of a larger 
female than male, because the number of young is also dependent 011 male 
brood pouch carrying capacity. On the other hand, if ihe male is larger than 
the female, a female will nol have enough hydrated oocytes to fill the male 
broixl pouch. Both cases represent a trade off between timing to mate and 
maximization of spawn. This seems to be true, since the search for a mate in 
the eelgrass beds could take a long time, causing atresia in the hydrated 
oocytes. The weak relationship obtained between fecundity and fertility (E'ig.
2), provides evidence that a male may nol always have a full hrood pouch,
Sound production in seahorses, as recorded by Fish (1952), appears to 
be the means to locate a male in the eelgrass beds. Fish (1952), observed that 
in aquaria conditions, the lined seahorse produced spontaneous soundmaking, 
seemingly associated with strangeness o f environment but did not produce
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sound when searching for prey. While looking for a mate the seahorse may be 
exposed to pied at ion. Orientation by sound production could a means to avoid 
predation and excess spendiiure.
Gravid females outnumbered available males (completed brood pouch) 
by up to two limes. This means ihat ihe males are the limiting sex for 
reproductive success inside Chesapeake Bay, Since seahorses are monogamous 
(Vincent et a).. 1992), most females will not find a mate during the 
reproductive period. The investment in ovary development for this particular 
lined seahorse "population" which occupies Chesapeake Bay is therefore a 
Irade-off between the chance of finding a mate and waste of energy. In fact, 
there is no record in the literature that the ovaries can be recovered after ihe 
first mating, or whether males could receive another batch after releasing 
embryos from the pouch. Newborn seahorses are released by ejection from 
lltc brood pouch by body contortions and a pumping action of the pouch 
(Smith, 1906). The all period of pregnancy may represent a high energetic 
cost for ihe male seahorse, which may reach extremes during the lime they are 
giving binh.
Fertility in the lined seahorse may vary in different habitats.
Lockwood (1867) reported up to 1,000 juveniles inside the hroixl pouch. Vari 
(1992) usually found fmm 250 to 400 eggs, while pointing out that the results 
reported hy Lockwood (1867) was not confirmed again. In this study, it was 
observed that a large female can carry up to 1,000 oocytes, whereas the
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largest number of eggs/embryos inside the male’s brood pouch obtained during 
this study was 1,552. The amount of oocytes that can he transferee! to the 
male bnnxl pouch depends on the male's carrying capacity. The largest 
specimen recorded by vari (1992) was 173 mm TL, much longer than that 
observed in this siudy: 12fi mm TL. Fecundity and fertility in Ihe largest 
specimens during this study was found to exceed 1,000 eggs.
The limitation of prey lype in many syngnathid species has been 
attributed to snout size (and width) by many authors {e.g., Mercer, 1973; 
Brook, 1975; Brook, 1977). In Chesapeake Bay, the food habits of the lilted 
seahorse mostly resembles that of the northern, Svnenathus fuscus. and the 
dusky pipefish S. floridae (Mercer, 1973; This study. Chapter 3). Amphipods 
were the most important prey for all length groups analysed, but copepods are 
probably more important fur the newhorn seahorse.
CHAPTER 6
The breeding population of ihe pipefish, Syngnathus fo lte tli 
(Pisces: Syngnathidae), from southern Brazil
1 3 4
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ABSTRACT
Aspects o f  the life history of the southern pipefish, Svngnathus folletli. were 
studied based on material sampled from September 1978 to November 1983 iti the 
lower Palos lagoon and in the adjacent coastal waters The southern pipefish 
population from Patos lagoon was represented by small specimens, whose total length 
varied from 69 to 164 mm. Total sex ratio was hiased toward females (0.6:1.0), but 
the operational sex ratio was biased toward males (2.5:1.0). The smallest male 
carrying eggs was 79 mm TL, while the smallest gravid female was 89 mm TI„ In 
the male brood pouch, number of eggs/embryos varied from 26 to 181, which was 
not strongly related to total length, total weight, or brood pouch size. Hydrated 
oocyte number varied front 31) to 219, which was more strongly related to total 
weight than to total length. Mean number of eggs/embryos in the male brood pouch 
was similar to the number of hydrated oocytes found in female ovaries, Pemale 5, 
folletti appear io be sequentially polygamous, but can also be simultaneously 
polygamous at least during portions of the mating season. Southern pipefish fed 
predominantly on copepods, which represented 83.5% frequency of occurrence of 
food items. Secondary fond items were amphipods (6.8%) and ostracods (5.8%).
Small mouth width may limit predation to small size prey.
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INTRODUCTION
Patos lagoon, located in southern Brazil, is 265 km long and is one of the 
largest coastal lagoons in the world. It is enclosed by alongshore bars and spits 
(Barnes, 1980). Hie lagoon is located in an urban region, which serves as an 
important corn mere ial port. It is also very important for both commercial and 
recreational fishing. The recent impoundment of the lagoon and a rapid industrial 
growth (petrochemical, waterfront construction and ocean transportation) of the city of 
Rio Grande may have altered the estuarine environment and the socio-economic 
situation of the local rcsidctils (Chao el ah, 1986).
Information about the southern pipefish, S. folletti Herald 1942, is restricted to 
systematic studies (e.g., Dawson, 1982), no information exists about its biology or 
ecology. The southern pipefish is known from near Fortaleza, northern Brazil, south 
to the coasts of Uruguay and Argentina near the mouth of the Rio de la Plata 
(Dawson, 1982). According to Chao et al. (1986), the southern pipefish is an 
estuarine resident species, which can complete its entire life cycle in the estuarine 
environment.
In general, male pipefish nurse their offspring in a brood pouch (or on the 
body surface) and give hirth to free swimming offspring (Rauther, 1925; Fiedler,
1954, Berglund el al., 1986a). During the incubation period, males provide their 
offspring with nutrients and oxygen, while females do not play any role after mating 
(Kronester-Frei, 1975; Berglund, 1986a). Additionally, sex role reversal has heen 
recorded for a number of syngnathid species (Fiedler, 1954; Herald, 1961; Gronell,
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1984; Berglund, 1986b).
The life history of the most important commercial fish species have been well 
documented in the Patos lagoon and in adjacent coastal waters (e.g ., Cun ha, 1981; 
Chao et al. 1982; Araujo, 1983; Barbicri, 1984; Vieira, 1984). The ecology o f fishes 
unimportant in the commercial fishery has been neglected, even though they represent 
important elements in the community structure, either as predators or as forage 
species. The purpose of this study is to assess the reproductive hiology o f the 
southern pipefish, as well as to evaluate its food habits.
MATERIAL AND METHODS
Study Site
Palos Lagoon is located in the state of Rio Grande do Sul, southern Brazil. It 
has an area of approximate I ly 11,360 kitr*, and exchanges with the ocean through a 
channel between a pair of unique breakwaters that are about 4 km long and only 
740  m apart at the mouth (Fig, 6.1). Samples were taken from 1978 1o 1983. Seven 
strata, based on previous bottom trawl surveys, were designated in order to select 
sampling areas; one on each side of Ihe breakwaters on the open coast (N =  north;
S =  south), and five longitudinal strata from the mouth of the lagoon to about 40 km 
northward in the estuary (A, B, C, D and E). Detailed information about the study 
site and its respective sampling design is well described in Chao et al. (1986).
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Sampling
The sampled area extended from the mouth of the Palos Lagoon northward to 
about 40 km inside the lagoon, and southeastward in a 7 km radius to the open coast. 
A stratified random sampling design was used in this study. For bottom trawls, 
samples were taken monthly from a 15 m research vessel with an 8 m (head line) 
shrimp trawl, 11m  ground rope, 2 in line legs oil each side, 1.3 cm bar mesh 
between knots, 0.5 cm bar mesh cod end liner, and a pair of 0.4 m3 weighted otter 
doors (25 kg each). Tows were made against the current for 5 minutes duration.
Five to 25 fixed point seine stations, located along the shore of the estuary of 
outer coast beaches, were sampled monthly with heach seine. Three replicated hauls, 
covering approximately 100 in’, were made with a 10 m beach seine, 1.8 m deep at 
the middle, with 1,3 cm bar mesh in the wings and 0.5 cm in the center 3 m section,
Fish were preserved in 10% formalin for one week, washed and transfered to 
70% ethanol for further processing in the laboratory. Fish used in this study were 
sub-sampled at random from jars in the Funda^ao Universidadc do Rio Grande 
(FURG) Iclithyological lab. Pipefish were identified following Dawson (1982), toial 
length (TL mm) measured, weighed (both the entire fish and ovaries - 0.001 g), 
scxed, and guts dissected for analysis. Prey iiems were identified to exclusive 
categories (e.g., copcpods, amphipods, etc). Mature oocytes (those hydrated) were 
counted, as well as the number of eggs/embryos in the male brood pouch. The 
number of dead eggs/embryos inside the brood pouch was also counted. Gut content 
analysis was based on frequency of occurrence of food items.
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Pig, 6, i . Map of Ihe lower Patos lagoon, showing stations sampled with shrimp otter- 
Irawl from September 1978 to November 1983.
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Table 6 ,1 . Southern pipefish: total number collected 
and total examined in the lower Patos lagoon from 
September 1978 to November 1983.
Y e a r  M o n t h  N o . S p e c i m e n s  N o .  S p e c i m e n s
C o l l e c t e d  E x a m i n e d
1 9 7 8 S e p t e m b e r 23 9
1 9 7 9 M a r c h 4 2
May 1 3 6
J u l y 164 36
S e p t e m b e r 1 6 9 39
O c t o b e r 17 11
D e c e m b e r 3 1
I 9 6 0 J u n e 13 b
1 9 8 1 O c t o b e r 11 4
1 9 8 2 S e p t e m b e r BO S
1 9 8 1 N o v e m b e r 4 2
T o t a l SOI 120
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Chi-square (x1) analysis was used to detect significant deviations from the 
expected 1:1 total sex ratio and operational sex ratio (pregnant males vs. gravid 
females) at fl,Q5, Mean number of eggs/embryos in the males' brood pouches 
and hydrated oocytes found in gravid female ovaries were compared hy regression 
analyses. As the regression lines intercrossed, violating the assumptions of analyses 
o f  covariance (ANCOVA), significant differences in mean number of eggs/embryos 
vs, hydrated oocytes was tested with single faclor analyses of variance (ANOVA) 
using sex as independent variable, and number of eggs/embryos and oocytes as 
dependent variable.
RESULTS
A total of 120 pipefish ranging from 79 to 164 mm TL and displaying 
different colors were analysed. Gravid females were well pigmented, while other 
specimens were pale. Table I shows the total number of the southern pipefish 
collected between September 1978 and November 1983, The sex ratio was 0,6; 1,0 
(45 males to 75 females) which was significantly different from the expected 1 1 ratio 
(x 2= 7.5 >  x 3riQl <I) = 3.84), showing that the southern pipefish population from 
Patos Lagoon is biased toward females (l:ig. 6.2a>. EJrom the total males analysed,
27 (60.0%) were not pregnant hut they had fully developed brood pouches, and 18 
(40.0%) were carrying eggs or embryos in the brood pouch (Fig 6,2b). From the 
females, 57 (76.0%) were not gravid, while 18 (24,0%) had hydrated oocytes (Fig. 
6.2c), Considering only the operational sex ratio, the numher of males sexually
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available was higher than females. The ratios of males and females was 2 .5 :1 .0 , 
which was significantly different from the expected 1:1 ratio ( \ 3 = 11.57 >  (1)
= 3.84).
Brood pouch size represented from 20,9 to 30.6% o f  Ihe total length of the 
male southern pipefish. The mean value was 25.1% (SD =  1.76%). The smallest 
male carrying eggs was 79 mm TL, while the smallest gravid female was 89 mm TL. 
This suggests that males probably reach sexual maturity earlier than females.
Number o f  eggs/embryos in the male brood pouch varied from 26 to 181 (in males 
that were 81 and 123 mtn TL, respectively) (l;ig, 3). All embryos were observed in 
the same stage of development inside Ihe male brood pouch, which is evidence that 
the males analysed received oocytes probably from only one female in each clutch. 
Mean egg/embryo number was 99.88. Number of eggs/embryos were positively but 
not strongly related to the male total length (TL), total weight (TW) and hrood pouch 
size (BP>, The following equations were obtained:
l : j ! | ’s / l L i ] b r y i ) s =  - 9 ) . 9 4  +  l . 7 6 T L t r ! =  U.47;  n =  17) (Fig .  3 A )
F£ g s / l i n i b r y < w  =  6 4 . 5 2  4  K7 51 I W  f r 1 =  U.31;  n =  17) (Fig .  3 B)
-47.61 * 5.32 UP (rJ = 0.47; n= 17| (fig, 3 0  
Number of hydrated oocytes in females of 110 and 148 mm T L  varied from
30 to 219 (log. 6,3). Mean number o f  hydrated oocytes was 90.56, which was not 
significantly different from the mean number o f  eggs/embryos found in the male 
brood pouch (ANOVA: F =  0.66; P > 0,4230). The relationship between numbers of 
hydrated oocyles against the total length, and total weight varied more in females than 
the relationship between number o f  eggs/embryos against tola! length and brood pouch
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s i /e  found in males. Correlation of hydrated oocytes to total weight was stronger 
than to total length. The equations obtained for females were:
t Xi u>■(«!(= 15 5 0  t n . M T U r ^  0  12; 16) [ H p .  3 A}
O o c y i t ^  4 3  5 2  4  l l B H 4 T W { r : =  0 . 4 1 :  n =  16} (t’ijj 313)
Mature females had larger and broader bodies than males. D uring the mating 
season, oocytes arc continuously produced inside the ovaries as observed by gross 
dissection in many other pipefish species, which allow females to mate with more 
than one male, depending on the male carry capacity. Figure 6.4 shows frequency 
distribution of hydrated oocytes found in one gravid female o f the southern pipefish. 
Hydrated oocytes are relatively small, and they varied from  0.68 to 0 ,99  mm The 
mean si/e was 0.84 mm.
Number of dead eggs found in the male brood pouch varied from  I to 81 (in 
clutches o f  121 and 127 eggs, respectively). Dead eggs represented from  3,13 to 
100.00% of Ihe total clutch size, and they were present in 94.44% of the total males 
analysed, showing that they are very frequent, and an important source o f  pipefish 
mortality. As ovaries had alreiic oocytes, some over-ripe oocytes are probably 
transfered to the male brood pouch during mating.
Of the guts analysed, 103 (85.8%) were full or contained some prey remains. 
Based on frequency o f  occurrence, copepods repre.senled 83.5% o f the southern 
pipefish diet, followed by amphipods (6 .8% ), ostracods (5.8% ), mysids (4 .8% ), and
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f ig .  6 2, Tola) length distribution of the southern pipefish examined in this study. A) 
comparison between number of males and females; D) comparison between non 
pregnant and pregnant males; C) comparison between non gravid and gravid females.
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Fig. 6 J .  Regressions o f  fecundity and fertility against total lengtli, total weight, and 
brood pouch size in the southern pipefish. A) relation between number of oocytes and 
or eggs/embryos against total length; B) relation between number of oocytes and or 
eggs/embryos against total weight; C) relation between number o f  eggs>embryos 
against male brood pouch size.
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Fig. 6 .4 . Diameter of hydrated oocytes o f  the southern pipefish, S. folletti. o f  the 
lower Patos lagoon.
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fish eggs (1.94%). Copepods also predominated in fish collected throughout the year 
and in all sizes. suggesting that the small mouth width limits this species lo small prey 
variety ,
DISCUSSION
The southern pipefish population of the lower Patos lagoon is represented by 
small specimens. Movements of the southern pipefish are unknown for this area, but 
Chao et al. (1986} classified this pipefish species as estuarine resident. Besides the 
fact that this species can reproduce and stay inside the estuarine area throughout the 
year, the southern pipefish has a broad distribution along the western south Atlantic, 
and possibly, can complete the entire life cycle in coastal areas. Our present data do 
not allow us to assess if abundance changes significantly Trom summer to winter. For 
ihc lower York River, Mercer (1973) reported the migration of Svnenathus fuscus and 
S. floridae from the shallows lo deeper waters, and only a few juveniles were present 
in the seagTass beds during the winter. The southern pipefish from Patos lagoon 
could have similar migration patterns as for those pipefish species described by 
Mercer (1973).
Dawson (1982) observed two different coloration types of the southern pipefish 
Trom Patos lagoon: well pigmented and pale. He pointed out that in the absence of 
significant meristic and or morphometric differences, the pale and pigmented forms 
could represent planktonic and benthic populations of S. follettj In our material 
examined, well pigmented fish were all gravid females, which led us to conclude thal
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pigment ion represents a secondary sexual character. Morphological and or 
morphometric modifications in gravid females have been described for other pipefish 
species. Ahnesjd (19K9) observed that females of the pipefish Ncronhis ophidion 
displays a blue coloration. Steffe et al. (1989) observed that females o f the pipefishes 
Stipmatopora argus and S, nigra were larger and broader than males. Natural 
selection Tor fecundity, for reduced food competition between the sexes, and for 
secondary sexual characters are given as causes why sexual dimorphism may occur 
(Tinkle et al,, 1979; Carothers, 1984; Slatkin, 1984),
It is difficult to determine accurately the sex ratio for any species, because 
males and females often make Ihemselves differentially available lo the ohserver 
(Trivers, 1972). Trivers (1972) also pointed oui that when the sex ratio is 
unbalanced, it is usually unbalanced toward females. The operational sex ratio in the 
southern pipefish was skewed toward males, which suggests that males do  not limit 
females’ reproductive success.
According to Vincent et al, (1992), the operational sex ratio is the best 
predictor of sex role reversal, defined by these authors as that situation in which, 
comrary to the common pattern, females compete more intensely than males for 
access to mates. Vincent et al. (1992) also suggested that parental care is not 
synonymous with sex mle reversal in syngnalhids. In m y opinion, sex role reversal 
and parental care have the same meaning for syngnalhids, because male’s pregnancy 
evidences that males are doing something considered to be a female prerogative. The 
operational sex ratio alone cannot accurately indicate which sex is limiling
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reproductive success. In ihis study, I found the potential reproductive availability to 
he greater for males than females, which would suggest that males o f  ihe southern 
pipefish may compete for access to mates. Only experimental studies could answer 
questions about mating competition and mate choice.
Females of the southern pipefish may frequently he sequentially polygamous, 
because the number o f  hydrated oocytes is similar to the number o f  eggs/embryos 
found in the male brood pouch. However, in two females, the number o f  hydrated 
oocyies was almost twice that found in the male brood pouch. It seems lhat during 
the reproductive season, females can change from sequentially to simultaneously 
polygamous. Females can give the entire clutch to one male during one mating, o t  
females can mate with different males during, for example, one night. Many 
variables will influence both situations: number o f  hydrated oocytes available, number 
of males available, carrying capacity o f  the males’ brood pouch, and size of parents. 
Predator presence also can influence courtship, and success of mating.
Simultaneous polygamy could be the best strategy in order to maximize 
reproductive success in the southern pipefish, hecause hydialed oocytes are very 
ephemeral. The males we analysed had eggs/embryos in only one stage o f  
development, which could reinforce the hypothesis of sequentially polygamous 
females. However, the possibility also exists that males could have received clutches 
from different females in a short period of time.
Parental care is defined as an association after fertilization between parent and 
offspring lhat intensifies offspring chances o f  survival (Sargent & Gross, 1986), The
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success o f  parental care depends on the parent’s ability in protecting, expending 
energy, and investing in future reproduction (Trivers, 1972). Studies on pipefish 
species have not mentioned the number o f  dead eggs that frequently occur inside the 
mates brood pouch. These probably originate from over-ripe oocytes which stay 
inside the ovary luminal epithelium. During mating, over-ripe oocytes may be 
iransfered to the male brood pouch. Fertilization must he efficient, because sperm 
ducts are open inside (he male hrood pouch. The most plausible explanation for this 
phenomenon is the duration of time a female (or male) spends in searching and 
finding a mate. If the search takes a long time, hydrated oocytes will begin to 
becom e over ripe, and will not be able lo be fertilized, in  some cases, over-ripe eggs 
represented 100 % o f the total clutch in the southern pipefish brood pouch. The 
consequences for males is unknown, hut once a male pouch contains eggs, he is 
unavailable to male Tor a period o f  time. Then, dead eggs arc a trade-off between 
hydrated oocyte life span and liming to find a mate.
C H A PTER 7
Aspects of R eproductive and  feeding biology of freshw ater and 
estuarine populations of the opossum pipefish, 
Qnstethus lineatus from  southeast Brazil
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ABSTRACT
Aspects o f  the reproductive and feeding biology of two different populations o f  
the opossum  pipefish, Oostcthus lineatus. were studied in southeast Brazil. 
Com parisons were made between an estuarine and a freshwater populations from 
different riverine basins. In both populations, the sex ratio was not significantly 
different from the expected 1:1 ratio, Male hrood pouch egg/embryo counts were 
higher in the freshwater than in the estuarine population, because total length was 
higher in the freshwater population. The number o f  eggskm hryos in the male brood 
pouch varied from 280 to 897 (fish from 119 to 173 mm TL) for the freshwater 
population, and varied from 49 to 508 (fish from 101 to 165 mm TL) Tor the 
estuarine population. M ak s  o f  both populations exhibited sexually dimorphic 
character in that they develop different coloration on the snout. Insects predominated 
in guts o f  fish from both populations, but freshwater fish contained only mayflies 
(100% ) in the guts, whereas estuarine fish consumed mure stoneflies(48.4%)> 
followed by mosquitoes and mayflies. Differences in diet was associated to different 
availability o f  food items.
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IN TRO D U CTIO N
Tn the Western Atlantic, the opossum pipefish, Oostelhus lineatus. is known 
from New Jersey to the slate of Sao Paulo, Brazil and from near the Pacific terminus 
of the Panama Canal (Dawson, 1982) Males opossum pipefish incubate the eggs 
received from females in a non-closurc brood pouch located on the trunk. After 
receiving eggs from females, males care for them, while females take no further role 
in parental care.
Breeding populations of opossum pipefish have been reported in boih marine 
and freshwater habitats (Herald & Dawson, 1972). Dawson (1982), hased on material 
contained in collections, indicated lhat breeding occurs in fresh or estuarine waters, 
and further stated that young may develop in freshwater, estuarine, or oceanic 
environments.
The opossum pipefish is a weak-swimming fish, lhat is protected from 
predation hy its coloration and hahits (Piguciredo & Menezes, 1980). In Brazil, the 
opossum pipefish is very common, hut not abundant, under marginal vegetation in 
estuarine areas. They can be found upstream from the coast, occupying marginal 
vegetation of some major rivers and their tributaries in southeastern and northeastern 
Brazil, Dawson (1982) reported collecting opossum pipefish over a variety o f  
spermatophyte grassbeds including, Sargassum and Spartina. marsh, and over a 
variety of bottom types, from muddy mangrove swamps to rather densely vegetated 
si reams.
The biology and ecology of most syngnathid species are subject o f  limited study.
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This study attemps to compare the reproductive and feeding aspects of estuarine and 
freshwater population of opossum pipefish, Qostethus lineatus.
M A T ER IA L AND M E T H O D S
Samples were taken at two different sites, both located in Espirito Santo state, 
southeastern Brazil. The first site was located in shallow waters o f  the lower Jucu 
river, the main river in its basin, at approximately SO^S'S. Single samples were 
taken in September 1985, September 1986, October, November and December 1987, 
and February 1988, in a 100 m extension of the lower Jucu river with a 3 mm mesh 
dip net- The river al site 1 was devoid o f  submerged aquatic vegetation in the 
shallow waters. Therefore, all samples were taken under the marginal vcgctation. 
The second site was located al approximately 19’43 'S  and 170 km fmm the coast in 
the lower Santa Maria river, a tributary of Doce river. Samples were taken in 
December 1992 <2 samples), January (4 samples) and February 1993 (3 samples) 
from a 100 m extension wiih a 4 mm mesh dip net.
Fish collected were fixed in 10% formalin and washed and stored in 70% 
ethanol. In ihe laboratory, fish were measured for total length (TL tnm), dissected, 
and ovaries were classified as mature or immature. Males were considered immature 
when the pouch was not totally developed, and mature when the brood pouch was 
totally developed.
Frequency o f occurrence was used to evaluate food ingested by these pipefish. 
Because the pipefish possess an undifferentiated gastrointestinal tract, only the
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anterior one half o f  the alimentary canal was used to assess food habits. Prey were 
identified in mutually exclusive categories. For the freshwater population, the total 
wet weight of food ingested was recorded (± 0 .0 0 3  g), in order lo  compare the lotal 
food ingested by pregnant males and gravid females.
Fertility between the estuarine and freshwater populations was compared by 
regression analyses. Differences in wet weight o f  lotal food ingested between 
pregnant males and females was tested hy one way analysis of variance (ANOVA). 
Data were log transformed in order to approach normality.
RESULTS
A total o f  249 (83-165 mm T L ; 134 males, 165 females) pipefish from 
estuarine region of the lower fucu river were analyzed. Male-female sex ratio was 
L16: LOO, which was not significantly different from  an expected L I  sex ratio <x2 =
1.45; P > 0 .0 5 ) .  In comparison, a loial o f  149 <106-177 mm TL; 73 males, 76 
females) freshwater pipefish from the lower Santa M aria  river were analyzed. M ale- 
Temale sex ratio was 1:1.04, which was not significantly different from the expected 
1:1 sex ratio (x : =  0.06; P X L 0 5 L
Total length was compared between the tw'o populations. Freshwater pipefish 
were larger than those in the estuarine population (Fig. 7.1). Males and females from 
ihe estuarine population were similar in length, w hereas, males were often larger than 
females in the freshwater population. Specimens sm aller lhan 100 m m  T L  were only 
collected in the estuarine habitat.
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Fig 7.1 r Comparative length frequency distribution in estuarine and freshwater 
populations o f  the opossum pipefish, Oostethus 1 meatus, o f  southeast Hra/il.
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For the freshwater population, all females had ovaries ripe or running-ripe and 
66 males (90.4%) were pregnant. Those that were not carrying eggs/embryos, had 
egg vesliges (compartment remains) within the epithelium o f  the hrood pouch, 
suggesting thal embryos were released some days before.
Fertility was higher in the freshwaier population than in the estuarine 
population. For ihe freshwaier population (Fig. 7.2), the number of eggs/embryos 
found in the male brood pouch varied from 280 to 897 (mean = 626; n =  66; S .D .=  
126.95) in fish fmm 119 to 173 mm TL. The relationship of the number of 
eggs^cmbryos (F) was linear and only weakly related with total fish length (E =  - 
530.3] + TL 7.87; r  = 0.41).
For the estuarine population, the number of eggs/embryos found in male hrood 
pouches varied from 49 to 508 (mean= 207; n =  40; S .D . =  99.11) in fish from 101 
to 165 mm TL, Like the freshwater population, there was a weak linear relationship 
of number o f  eggs/cmhryos (E) with iota! length (F =  -348.04 +  TL 4,59; 1^ =  0.32) 
Males o f  opossum pipefish are sexually develop different colors around the snout 
(Fig- 7.3).
Food habits of pipefish from both estuarine and freshwater populations were 
also assessed. A loial of 109 opossum estuarine pipefishes were analyzed, and 62 
(56.9%) had full or partially full guts. Estuarine pipefish apparently fed in diurnal 
periods as empty guts occurred during nocturnal periods. A lotal of 149 freshwater 
opossum pipefish were analysed for food habits. All were collected during daylight 
time, and had full or partially full guts.
Fig. 7.2. Relationship between number of eggs/embryos and total length in an 
estuarine and a freshwater populations o f  the opossum pipefish, Oosteihus Hneatus, 
southeast Brazil
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l7ig. 7,3, Sexual dimorphic coloration hetween male (upper) anti female (lower) 
opossum pipefish, Oostethus )i neat us. of southeast Brazil (modified from Vari, 1982).
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Followed by crustaceans and teleosts (Table 7,1), insects were the food items 
most frequently found in guis of the esiuarine pipefish population. Among the 
insects, stonefty (Plecoptera) larvae occurred in 48,4% of guts containing food, 
followed by mosquito larvae (Dipiera), and mayflies (Lphemeroptera). Among the 
crustaceans, caridean larvae occurred in 25.0% of guis, whereas copepods occurred in 
18.8% o f  the guts containing food. For the freshwater population, mayflies w ere  the 
only food items found in the guts. Mayfly larvae occurred in 98,0% o f  all guts, 
while mayfly eggs occurred in 9.4% o f  the guts analyzed (Table I).
The amount o f  food ingested was compared between pregnant males and 
females in the freshwater population. Mean wet weight o f  food ingested by pregnam 
males was 0.007 g (M in=  0.002 g; Max = 0,016 g; S .D .=  0,003), whereas, fo r 
females it was 0.019 g (M in -  0,005 g; M ax= 0.036 g; S.L>,= 0.007), Based on 
these datas females feed more actively than did males during the mating season 
(ANOVA, I:, t = 182,68; P<0.0001).
DISCUSSION
Estuarine and freshwater pipefish populations were similar in their 
reproductive strategies. In both populations, sex ratios were not skewed toward a 
single sex, suggesting that neither males nor females are the limitant sex for 
reproductive success. Fertility appears not to differ relevantly in both populations. 
Differences in the mean numher of eggs/embryos found in male brood pouches are 
related to differences in total length obtained for both populations: freshwater pipefish
161
Table 7.1. Food items found in the guts o f  an estuarine and a freshwater population 
o f  the opossum pipefish o f  southeast Brazil.
F oo d  I t e m s
E f i t u a r i n e  
P o p u l a t I o n
F r e s h w a t e r
P o p u l a t i o n
FISHES
O e r r e i d a e
E u e i n o s c o r n u a  s p p  . 6 . 3
U n i d e n t i f i e d  j u v e n i l e s 12 -
CRUSTACEANS
C-aridea
M a c r o b r a c h iu r a  s p p . 1 2 . 5
L a r v a e 2 5 . 0 -
E g g s 1 7 . 2 -
Amph i poda 7 . 0 -
C o p e p o d a I S .  0 -
! a o p o d a 1 -6
INSECTS
P l e c o p t e r a  ( l a r v a e ) 46 . 4 -
D i p t e r a  ( l a r v a e ) 34 . 4 -
Ep he  me r o p  t  e ra 14 . 1 100 . 0
O do i ia ta  ( l a r v a e ) 1 . 6 -
U e m i p t e  ra 1 . G -
I n s e c t  r e m a i n s 0 . 4 ”
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were larger than those found in estuarine areas.
This study provides evidence that the opossum pipefish reproduces in 
freshwater. However, no individual smaller than 106 mm TL was coHeeled during 
summer samples at lower Santa Maria river. Three hypothesys could explain this: 1) 
pipefish newly released from the brood pouch are brought dow nstream  by runoff, 
making them unaccessihlc at the study site during my samples; 2} the predation rale 
and/or parasite infection could he high, making freshwaier pipefish Jess abundant 
upstream; 3) newborn pipefish may not have a strong tolerance to freshwaier, 
occasioning high natural mortality.
Two reproductive peaks for opossum pipefish occupying the low er lucu river 
were found: one during the summer, and one in a sm aller scale during the winter 
(Perrone, 1989). Perrone (1989} also pointed out that 50% of females are 
re productively active when they reach 113 mm TL, and males with 116 mm TL. In 
Misissippi, pregnant males were reported from June to September (D aw son, 1970), 
while off Hast Florida, Gilmore (1977) collected pregnant males during  July and 
November.
With respect to coloration, Dawson (1982) pointed out that sub-adults and 
adults usually have a dark stripe or a series of irregular brown bloiches on the snout, 
also there is a dark stripe on the upper one-third of the opercle. In fact, the 
appearance of a stripe on the snout is not irregular, but rather, this stripe represeni a 
sexual dimorphic characteristic for the opossum pipefish. Males have m ore coloration 
on the snout, which may represent a way for males to attract females during
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courtship. Sexual dimorphism has been described for other pipefish species, but these 
reports HTe of major modifications in body shape and color found only in females, 
for example, females o f Neropliis ophidion have conspicuous blue stripes along the 
anterior part of the body, and during the reproductive period, females develop skins 
folds, which increase the overall appearance of the body (Rosenqvist, 1990). Gravid 
females of (he northern pipefish, Svnpnathus fuscus, are darker and larger than non- 
gravid females and/or males (R.L. Teixeira, unpub, data).
Syngnathid diets arc limited by snout size and shape. Member of the estuarine 
and the freshwater population preyed more on insect larvae, probably Ihe most 
availahle food items for a fish which live mainly beneath the pendant marginal 
vegetation. Mayflies (Ephemeroptera) were the only food item found in the guts of 
opossum pipefish freshwater population collected in summer. Mayfly eggs, which are 
produced in great numbers, are usually oval, extremely small, of a great variety of 
colors, and are sometimes imbedded in a gelalinous material (Pennak, 1953). Pennak 
(1953) also pointed out that the fully developed aquatic nyntph (naiad) merely comes 
to the surface when it is ready to transform. At this phase, mayflies are probably 
more accessible to the opossum pipefish predation.
Copepods are the most important prey for small individuals and for other 
pipefish species (e.g., Brown, 1972: Howard & Koehn, 1985; Ryer & Orth, 1987; 
Steffe el al., 1989; Franzoi et al., 1993). Size and width of snout limits feeding by 
suction, which must be concentrated on small planktonic and epibcnthonic organisms. 
Snout size has also been considered as the most important structure for niche
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segregation and food partitioning in co-occurring species (Brown, 1972; Brook, 1977; 
among others).
Many questions about the life history of the southern pipefish inhabiting the 
lower Palos lagoon cannot be answered based on the available material 1 have. The 
reproductive period inside estuarine hahitais, reiaiion to seagrass beds, and many 
quesiions about sexual selection still are not understood. h'uture studies on this 
species should be focused on its role inside the estuary, and differences and 
similarities with other syngnathid species.
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GENERAL DISCUSSION
Mating periods for the five syngnathid species siudied here are different and 
are associated with variability in temperature, and the biomass of eelgrass and drifting 
or marginal vegetation. Por the three species ihat occupy Chesapeake Bay, the 
pipefishes Svnenathus fuscus and S. floridae. and the seahorse Hippocampus erectus, 
the mating period is similar with a peak in reproductive activity occurring from May 
to Augusi. Some pregnant males and gravid females can be found as late as October.
Both species of pipefish inhabiting Chesapeake Bay make spring migrations to 
the shallows. The mating season, as well as the seasonal migraiion (Laiiari and Able 
1990), can vary inside the bay from year to year (Hildebrand & Schroeder, 1928, 
Mcreer, 1973; this study) depending upon local climatological factors,
Pel grass and olher vegetated habilats seem to also play an important role in the 
biology of syngnathids. In S. fuscus, S. floridae, S. folleiti. and H. erectus. offspring 
can be found rrccupying the same eelgrass beds together with adults. In eelgrass 
habitats, adults find the necessary conditions for survival, such as food availability 
and shelter again&l predators. Lelgrass beds are also important for newly-born 
pipefishes. In temperate areas, newborn pipefishes recruit to grassheds and remain in 
Ihe shallows until temperatures start to decline in the late fall. When temperatures 
decrease in the fall, sometimes eelgrass biomass also declines and the young 
pipefishes probably do not find conditions suitable for survival or derive any 
protection from predation in these: shallow areas. Soon after adults migrate to deeper 
or offshore waters, the young also leave Ihe shallow areas. It remains unclear which
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variable more strongly influences pipefish migration from the shallows; the decrease 
in temperature, or decline in eelgrass hinmass. Different from other pipefishes, O. 
lineatus lives mainly under the marginal vegetation in lower estuaries or in rivers. 
Newborn O, lineatus arc generally not recorded in collections. It may be that in 
cstuarine areas, newborn are transported by currents downsirean 1u reach oceanic 
areas. In freshwater regions, they could be taken by currents downstream from the 
tributaries towards the main river. The lack of spatial co-occurrence between 
newborn and adult opossum pipefish could be an important strategy to avoid 
cannibalism, since this phenomenon is reported for other pipefish species.
Syngnnthids can tolerate a wide range of salinity (Dawson 1982), which is an 
important characteristic for this group of fishes since hoth juveniles and adults on 
drifting vegetation are often transported to different habitats by currents. Lined 
seahorse do not occur anywhere in the bay in abundance despite the fact that this 
species has relatively high fecundity for a small fish and displays a high degree of 
parental care. Many factors undoubtedly account for the relatively low abundance of 
this species in Chesapeake Bay.
The maximum potential for reproduction was not achieved in lined seahorse in 
Chesapeake Bay as evidenced by the high number of unfertilized eggs inside male 
brood pouches. It is unknown whether other populations of lined seahorse have such 
high incidences of unfertilized eggs in male bTood pouches, or if the lined seahorse 
population in Chesapeake Bay may be near the northernmost point of successful 
reproduction for this species. What is evident is that gross fecundity as estimated hy
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the number of eggs produced by females overestimates reproductive potential, and net 
fecundity, the number of eggs successfully fertilized and incubated by the males, is a 
better estimate of the reproduction potential realized by this species in Chesapeake 
Bay
Sufficient material of estuarine and freshwater populations of the opossum 
pipefish, Oostethus lineatus. from southeast Brazil, and S. folleui from South Brazil, 
was not available to adequately assess the seasonal reproductive cycles in these 
species. In general, fish species inhabiting tropical or sub tropical areas reproduce at 
least several limes during the year and this may be the case for these species of 
pipefishes. Perrone (1989) found two mating peaks, one during the summer, and 
another minor period during the winter, for opossum pipefish of the lower Jucu River 
estuary. However, the exact duration of the spawning period for this species in this 
river needs to be examined in greater detail, Perrone (1989) did not collect many 
specimens during the winter. The absence of adults of this species during the winier 
may be evidence of a downstream movement from the study site. Seasonal 
movements are different for freshwater populations of this species. While I did not 
collect specimens throughout the year for the present study, previous collections I 
have made throughout the year in the lower Santa Maria River included specimens of 
this pipefish indicating that this species does not undertake a seasonal downsiream 
migration and is resident in this area throughout the entire year.
In most of the pipefishes examined in the present study, males reached sexual 
maturation at smaller sizes than females (data for O, lineatus were too limited for
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comparisons). In S, fuscus, females also reached much larger sizes than did males.
In both S, fuscus and S. floridae differences in size at sexual maturation between the 
sexes was around 30 mm TL. This provides strong evidence that females mate with 
males of much smaller size. Differential growth rates and different sizes between 
sexes have been reported in other pipefishes, such as Svncnathus typhle and Neronhis 
ophidion (Svensson, 1988). If females grow faster and achieve much larger sizes lhan 
males, at some point, a larger female will of necessity have to mate with a smaller 
male. If females can accept males of different size and vice-versa, probably there 
exists no mate choice related to this characteristic in the natural environment. As up 
to 80% of male S. fuscus and §. floridae were pregnant during the peak of the mating 
period, probably females do not have time 1o choose between larger instead of smaller 
males. Oporiunislie mating could be more advantageous for female reproductive 
success, because the search for a "special" male could take longer, and the hydrated 
oocytes in the female’s ovaries could become atretic. High promiscuity in females 
may be ihe best reproductive strategy for some pipefish species, because a female can 
search for another male soon after mating, and can Iransfer the total number of 
hydraied oocytes available beTore they become atretic.
Reproductive success is highly dependent on timing, and the variability is 
related to lengih or time of mating, number of hydrated oocytes available for transfer, 
number of males available, and male brood pouch carrying capacity. Predator 
presence can also play some role in affecting the time that the couples have to transfer 
an entire clutch of eggs, or even in allowing enough time for mating to occur. All of
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these variables influence the number of eggs to be deposited inside the male brood 
pouch, and will contribute to a weak relationship between number of hydrated oocytes 
or eggs/embryos when compared to total length or total weight. Fecundity in teleost 
fishes is controlled by the ovarian dynamic of producing hydrated oocytes. This 
aspect separates species into two spawning categories; total or partial (batch) 
spawners.
Both spawning strategies are found in species which display parental care.
The pipefishes studied arc hatch spawners. Female pipefishes have the most unusual 
ovary among telco si fishes; one that allows females to produce hydrated oocytes 
continuously throughout the mating season. Hydrated oocytes in pipefishes have 
different sizes and shapes, which may be a species-specific adaptation related to the 
male brood pouch size and shape. For example, brood pouches in g. fuscus. S. 
floridae. and S. folletti are closure, and the eggs are spherical. Eggs are relatively 
small in S, fuscus and S. folletti. while they are larger in S. floridae. which also has 
a correspondingly larger brood pouch. Oostethus lineatus has an open brood pouch, 
and the eggs have an oval shape that probably allows for better conneclion with the 
placenta-like structure. The way in which the egg is attached to the placenta could 
influence its development, since the placenta will aerate, osmoTegulate, and nourish it.
Seahorses arc total spawners, but there are no histological studies of annual 
variation, similar to those made with ihe pipefish S. scovelli hy Begovac & Wallace 
(1987, 1988). Strict monogamy is the only mating pattern that has been observed in 
seahorses (Vincent el a l., 1992), Seahorse ovaries may not function the same as those
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in pipefishes. Seahorse ovaries have oocytes that are cuneiform in shape, another 
feature that is unusual in other teleost species. These oocytes probably become more 
or less spherical after hydration, assuming a shape simitar to that of newly deposited 
eggs found in male hrood pouches. Oocyte shape may represenl the best way for 
females to deposit the oocytes directly inside the male seahorse brood pouch, where 
they will be fertilized. In two Australian seahorses (Hippocampus fuscus and H. 
whitci). a male and a female mate repeatedly and exclusively over the season, 
remating as soon as the male has given birth (Vincent ct ah, J992).
The number of dead eggs found inside male syngnaihid brood pouches reveals 
some failure to the reproductive mechanism, hut not the reproductive success.
Several hypotheses could he formulated from those observaiions, including; 1) delay 
in finding a mate could start atresia in the ovary, and many over-ripened oocytes 
could be transferred to the male brood pouch, but would (hen be incapable o f being 
fertilized; 2) failure of spermatozoids to find the oocytes; 3) eggs may not be aerated 
in the hrood pouch, as a consequence of not being well attached to the placenta. This 
situation may result from an overloaded brood pouch leading to increased competition 
among eggs for space and nutrition. All three hypotheses explain the syngnathid 
situation, however, the first o f these appears to be most plausible.
Most of the time, the number of eggs found in Ihe male pipefish brood pouch 
represents the batch deposited hy a single female. This is not the case when eggs are 
in different stages of development, resulting from copulation with at least two 
different females. Polygamous matings were very frequent in S. fuscus and tS.
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floridae. but were not observed in S. folletti and O. lineatus. The degree of 
promiscuity may be different among pipefish species, and may be related to fish 
abundance.
Syngnathus fuscus and S. floridae are very ahundam in Chesapeake Hay. 
Chances for finding a mate are probably higher for these common species than for 
those species that occur less abundantly or rarely within a habitat. In the syngnathid 
species studied here, the highest variability in fecundity/fertility relationship was 
found in the two more abundant species: S. fuscus and S. floridae. The high 
variability in the number of eggs/embryos found in the male brood pouch can be 
interpreted as follows: 1) males can mate with females of different sizes; 2) females 
are highly promiscuous, mating successively, and not having enough time to totally 
recover the ovary with hydraied oocytes. The abundance of these species suggests 
that competition for mates may occurr in the eelgrass beds of the lower York River.
Competition for mating will also increase based on abundance. As pregnant 
male S. fuscus and S. floridae can receive successive batches of oocytes from 
different females at different times, it means that males o f these pipefishes are also 
promiscuous. These pipefishes can be categorized as polyandric species. Polyandry 
and male care evolve where females are nutritionally stressed by egg laying and 
cannot contribute to incubation, and female emancipation allows them to produce 
quickly a new batch of eggs (Glutton-Brock, 1991). Based on the small number of  
fish examined, 1 did not find evidence that either S. folletti or O. lineatus are 
polyandric species, because none of the males contained differettl batches of
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developing eggs. The pipefish species studied here had different sex ratios, the 
evolution of female emancipation might he related to differences in proportion o f
sexes.
In S. fuscus and S. folletti. females had sexually dimorphic features during the 
mating period, whereas in O. lineatus. males had more coloration on the snout than 
did females. Neither sex of floridae showed any particular change in morphology 
or coloration during the mating season. AH models of sexual scleciion assume that 
the selection pressures favoring male secondary sex traits are eventually opposed hy 
the costs to the males bearing them (Andersson & Bradbury, 1987). Different traits 
may lead to different preferences for mating. Preferences may he due to biases built 
into the sensory modality, having no intrinsic adaplative value, which may originate 
in response to evolutionary forces unrelated to intraspecific mate discrimination and 
may cause females to bias matings toward certain male phenotypes as a side-effect. 
Finally, preferences can initially spread due to the direct effects they have on mate 
choice (Kirkpatrick, 1987).
The morphological changes undergone by some of the syngnathids studied here 
does not allow demonstration o f selection preferences hy members of either sex. The 
predominant socio-sexual system in birds and mammals is one based on female 
parental care, male competition for females, and consequent male courtship of 
females (Gronell, 1984), In the opossum pipefish, Q, lineatus. coloration of the male 
snout appears to be a way to attract females. Gravid female S. fuscus and S. folletti 
are broader and have darker coloration than males. It is easy to understand that a
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broader body allows females more space in the abdominal cavity, which is important 
for an enlargement of the ovary with developing ova. Females of some pipefish 
species do not have such apparent modifications, which probably limits the size o f the 
ovary. Such traits as darker coloration and the development of a black spot in the 
anterior portion of the dorsal fin in female S. fuscus suggests that those traits may 
play a role in female-female conflicts for mating. It is interesting to note that only a 
few female S. fuscus undergo such body modifications. Mechanisms that control the 
body adaptations for mating are unknown, but could be related to the selection o f  the 
most genetically fit females, associated wilh the fact that more gravid females would 
increase competition for mating.
Sexual selection stems from the competition between males for possession of  
females, the result being few or no offspring for the unsuccessful competitor 
(Rosenqvist, 1990). The importance between the two components o f sexual selection, 
intrasexual (male-male competition) and interscxual (female choice), leads to 
speculations of its understanding, especially because the different syngnathid species 
(particularly those of the pipefishes) studied here showed intraspectfic variations in the 
development of traits or ornaments.
Differently o f other pipefish species, most female S. fuscus do not reach 
sexual maturation during the trialing season. In this pipefish species, natural selection 
appears to operate stronger than in female of other pipefish species, probably 
eliminating less fitted females to compete for reproductive mates.
The majority of male S. fuscus and S. floridae were pregnant during the
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mating period peak. This finding suggests that males of both species arc not the 
limiting factor for female reproductive success, because males were more abundant 
lhan females. Therefore, bnxxl pouch size may limit the deposition o f the entire 
number of hydrated oocytes available. It seems that females of both pipefish species 
also prefer to mate with larger males as males smaller than 110 mm CT had a smaller 
proportion of non- pregnant than larger males, Male S. floridae have a higher 
proportion of non-pregnant males than in S. fuscus. This may be a density-dependent 
phenomenon as 5 floridae is less ahundant than fuscus. and the probability of 
success of searching and finding a mate in eelgrass beds may he more efficient in this 
species lhan in S. fuscus. In S. tvphle. males were also found to limit female 
reproductive success because of iheir limited brood pouch space and long pregnancy 
(Berglund & Rosenqvist, 1991),
Discussions about the Limitation of reproductive success by one or other sex 
may lead to ambiguous interpretations. Syngnalhus fuscus and S. floridae are both 
reasonably abundant in eelgrass beds in the lower York River, while the seahorse, H- 
erectus, in Chesapeake Bay, S. folletti of Patos lagoon, and O. lineatus of southeast 
Brazil, are not as abundant in the habitats studied. Fighting is by no means the
only form of intrasexual scleeiion, and males may interfere with or redirect one 
another's courtship atiempts (Krebs & Davies. 1984). There is no evidence from 
empirical or field data that male syngnathids fight for mates. It appears that 
intrasexual selection, or the development of characters important in attracting mates, 
is the main category of sexual selection for S. fuscus and S, folletti. In these species,
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contrary to the common pattern, females develop the ornaments. In O, lineatus. 
however, males develop the ornaments, suggesting that intrasexual selection may play 
a mure important role lhan intersexual selection.
Pattern of mate choice varies considerably in different teleost groups. In the 
particular case of pipefish, the search for a mate may represent a trade-off between 
the particular male a female is looking fur, and the life-span of hydrated oocytes. A 
female would he in a situation of "non-choice'', if a smaller male is the only 
available, and the oocytes arc hydrated, and the choice o f a less ' agreeable" male 
may be the hest strategy. Mate preferences have IheiT proximal bases in neurological, 
morphological, and physiological systems of females that bias how they perceive and 
react to males (Kirkpatrick, 1987).
In both, S. fuscus and S. floridae. the operational sex ratio varies from month 
to month. In S. folletti and O. lineatus. the available data docs not allow examination 
fur monthly variation in sex ratio. In the pipefish S. abastcr. which occupies the 
Mauguio laguna in France, the total sex ratio varied among month and years 
(Tomasini el al. 1991). It seems impractical to affirm that females have sex role 
reversal in a specific month, and not in the other. The operational sex ratio does not 
say anything about the reproductive behavior of a fish, or how sexual selection will 
operate for that species Gronell (1984) observed that in the pipefish Corvthuichlhvs 
intestinal is. females have a home range significantly larger than those of males, 
indicating that females are more active lhan males. In terms of behavior, it is evident 
that females of that pipefish are sex role reversed. They search for a male more
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insistently than males. In species which are simultaneously polygamous, it is more 
advantageous that the female should play the role of a male, hecause eggs developing 
into embryos can represent an increase in ahout 30% of the total hody weight. 
Probably, pregnant males cannot swim as fast as females as a consequence of caring 
the developing embryos.
Vincent el al. (1992) suggested that parental care is not synonymous with sex 
role reversal in syngnathids. This idea appears to create some confusion in the 
understanding of both definitions, instead of clarifying our understanding of the 
reproductive systems in pipefishes and seahorses. Besides some interspecific 
variations related to the reproductive strategies in syngnathids, in all species the male 
will nurture ihe eggs in a hrood pouch. Normally, internal brooding is not 
attrihutablc to the male fish. This last interpretation seems to be the most 
parsimonious to define that all male syngnathids, which have exclusively male 
parental care, are sex role reversed. A question that Vincent el al. (1992) should 
have addressed is: if male syngnathids are sex role reversed, what about the females?
Species or populations may switch between exhibiting reversed sex roles and 
conventional sex roles if fluctuating ecological or physical factors affect reproductive 
rates of the two sexes differently, but the operational sex ratio is the best predictor of 
sex role reversal (Vincent et al., 1992). In general, the cost o f reproduction is higher 
in the sex that is the care given. Some attempts to measure the costs of parental care 
have been unable to detect any change in the survival or reproductive success of 
parents, hut virtually, all functional arguments concerning the evolution of parental
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care rely on the assumption that caring for offspring reduces the survival or 
reproductive success of parents (Clutton-Brock, 1991). In the syngnathids studied 
here, only for S. fuscus was it possible comment about this argument Female S. 
fuscus reach a much larger size than males. Il is possihle that the energy deverted to 
nurturing young in this pipefish species may affect somatic growth processes in 
males. Brood pouch size in the smaller males seems to he a limiting factor for 
reproductive success of larger females, once they are able to produce more oocytes 
lhan ihe male’s carrying capacity. The same characteristic was not observed in the 
other syngnathids, suggesting that parental investment in offspring may have a 
different cost and exert different sexual selection pressures in different syngnathid 
species.
There is no information about mating systems in most fish families belonging 
to Gasterosteiformes. Allocation and use o f  energy to invest in reproduction, togeiher 
with the fitness of different reproductive sirategies associated with different 
environmental conditions, are the principal keys to defining different lineages in the 
evolution of the Solenostemidae and Syngnathidae.
Besides Syngnathidae, the division Gasterosteiformes includes other families 
that also have parental care {Bneder & Rosen, 1966). The breeding sysiem is similar 
in all species of Gasterosteidae, the most studied family among the 
Gasterostei formes. Males in gasterosteid species elaborate Ihe nest, attract a ripe 
female hy distinctive courtship behavior, and guard the eggs that are lais in the nest 
(Keenleyside, 1979). Ten-itorial defense has been shown to reduce the growth rate in
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Gasierosteus aculeatus (Stanley & Wootton, 19R6). Pegasidae (sea moths) was 
proposed as the primitive sisier-group of the Solenostomidae (ghost pipefish) and 
Syngnathidae, and also the primitive sisler-group of the Macro rhamphosidae, 
Centriscidae, Aulostomidae and Fistulariidae (Pietsch, 1978), Solenostemids arc 
restricted to the Pacific Ocean, whereas syngnaihids occur worldwide. Solenoslomids 
have been hypothesized to be the sister group of Syngnathidae , hut unlike 
syngnailioids, the female broods the eggs in a pouch (Playfair & Gunther, 1866; 
Pietsch, 1978). Therefore, it is difficult to measure the cost o f reproduction for both 
males and females. Probably female solenostemids, since ihey invest in oocyte 
production and brood the young, have higher energetic cost associated with spawning 
than do female syngnathids. The lack of data about fecundity in solenostemids 
precludes definite conclusions, but it is expected that females of this family have a 
low production of oocytes than do female syngnathids.
The diet of all syngnathids appears limited by the size and width of the snout. 
Small crustaceans or insects represent the principal food sources for most species. In 
ihe species studied here, S. fuscus. S. floridae. II. enectus. and folletti fed more on 
small crustaceans, whereas O lineatus fed more on small insects, 'lire food habits of 
each species can also be limited by the availability and accessibility of prey items 
This seems the case for the summer freshwater population of the opossum pipefish,
O. lineatus. For some reason, this species fed exclusively on mayflies during the 
summer (rainy season). Three hypothesis can he formulated in order to try to explain 
this behavior; ]) strong currents during the rainy season transport many potential prey
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items downstream, making them unavailable for the opossum pipefish which stay 
within the marginal vegetation upstream; 2) The rainy season might coincide with the 
may Hies reproductive peak period, making eggs and larvae more abundant and 
available during that time; and 3) the opossum pipefish slays beneath the marginal 
vegetation in order to avoid predation, and, therefore, does not encounter a wider 
variety o f prey items present in other stream microhabitats.
Trophic onlogeny might occur in most specimens. This aspect was most 
sharply observed in S. fuscus and S. floridae. In ihese species, diet changed in 
specimens hctween 90-100 mm TL, when predation on copepods decreased, while 
predation on amphipods increased, lixcept for Q. lineatus. juvenile pipefishes utilize 
copepods as first available prey, and its consumption of this trophic resource hy small 
pipefishes seems not to represent intra-or interespecific competition for food in co­
existing species. Juvenile estuarine or freshwater O. lineatus may prey mainly on 
insect larvae.
Studies on resource requirements have been used in attempts to understand 
factors controlling Ihe distribution and abundance of organisms (Ross, 1986}, Unlike 
other vertehraics, fishes, especially congeneric and coexisting species are challenging 
subjects for studies on resource requirements because of: 1) they exhibit indeterminate 
growth, resulting in a complex size slruciure of many populaiions; 2) the coastal 
fishes are temporally structured, using a given habitat for only part of the year; and 
3) aquatic habitats provide greater challenges for study than many terrestrial systems, 
hecause of inherent difficulties with sampling and observation (Ross, 1986), Despite
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the apparent morphologial similarity between 5- fuscus and S. floridae. these 
congenerics and coexisting pipefishes feed on different components of the available 
food resources. In so doing, adults avoid any potential competition for trophic 
resources.
The differences in the amount of food consumed hy pregnant males and gravid 
females of the freshwater populations of O. lineatus. and the estuariue occurring S. 
fuscus and S floridae. indicate that females fed more actively than males. Svensson 
(1988) also observed that in the pipefishes Svnenathus typhle and Nerophis ophidion. 
pregnant males consumed significantly fewer small prey items than reproducing 
females. In another study. Steffc cl al. (1989) found that males of two pipefish 
species (Stipmatopora argtis and S. nigra), independent of habitat, had lower gut 
fullness levels than did the females. This difference has not been investigated in other 
syngnathid species, hut the general acceptance is that syngnaihid males pay a higher 
price in breeding than do the females. The increase in weight caused hy holding eggs 
seems to reduceswimming speed of males. This appears to decrease the time spent hy 
males in searching for food compared with that o f females. Since females also 
produce larger, immobile, and energy rich gametes compared with male gametes that 
are smaller, mostly mobile, and consisting of litlle more than a piece of self-propelled 
PNA (Rosenqvist, 1990), a more intense food searching behavior in females could 
also be related to the fact that oocytes require more energy for their production than 
do sperm.
In the syngnathids studied, only S. fuscus and S. floridae demonstrated
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cannibalistic behavior. Cannibalism is denned as a parent eating its own offspring, 
and it is very frequent in species that have parental care (Rohwer, 1978). Filial 
cannihalism is affected by: 1) parent's expectation of future brood cycles; 2) cost of 
parental feeding to offspring survival; and 3) the relative value of feeding versus filial 
cannibalism in augmenting the parental energy investment (Sargent, 1992). Whereas 
cannibalism has not been specifically studied, bui only mentioned in syngnathids,
IheTe remains one question, at least for S. fuscus and §. floridae: Why do the parents 
feed on their own offspring, when the main prey organisms appear io be 
superabundant in the eelgrass beds? In other gastereistnforms, such as sticklebacks 
males, apparently lack the ability to recognize eggs they have fertilized (Fitzgerald & 
Whoriskey, 1992). Probably pipefishes also cannot identify their own offspring, 
which represent potential prey for the parents since they are in the size Limits suitable 
for ingestion.
Future studies on pipefishes, especially S, fuscus and S. floridae of 
Chesapeake Ray, should focus attenlion on experimental biology and ecology.
Aspects o f the life history, such as age and growth siudies, could be important in 
defining if males and females have similar growth rates. Determining differences in 
natural mortality with respect to sex of the adults is also important to understand sex 
ratios and sexual selection. Experiments in aquaria could define the life span of 
hydrated oocytes, which would answer how much time a female has to find a mate 
before the oocytes starts atresia. Aquarium observations on time requiredd for 
rearing a batch of eggs could elucidate if males of both pipefishes need the same
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hmount of time for rearing a brood. Incubation times may vary according to 
different-sized egg diameters, the species wbiih larger eggs (S. floridae) could require 
more time, and availability of males of this species would be limiting for female 
reproductive success. AJso, experiments in aquaria could provide answers about how 
many limes a female can mate during the mating period, and determine if ihere really 
is female preference for larger and more colorful males.
REFERENCES
1 8 3
Alinesjo, I. 1992b. Fewer newborn result in superior juveniles in the paternally
brooding pipefish Syngnathus tvphlc L, Jour. Fish Biol., 41 (Supplement B):
53-63.
Ahnesjo, I. 19f2a- Consequences of male hrood care; weight and number of newborn 
in a scx-role reversed pipefish. Func. Ecol., 6: 274-281,
Aliaume, C., G. Lasxerre &  M. Louis. 1990. Spatial Organisation of ic hi hyo logical 
component o f gras shed Thalassia in Grand Cul-de-Sac Marin in Guadeloupe. 
Rev Hydrohiol, Trop,, 23 (3): 231-250, (In French)
Azzarello, M.Y. 199], Some questions concerning the Syngnathidae hrood pouch. 
Bull. Mar. Sci,, 49 (3): 741-747.
Barnes, R,S,K. 1980. Coastal lagoons. The natural history of a neglected 
habitat. Cambridge: Cambridge University Press, 105 p.
Begovac, P.C. & R.A. Wallace. 1988, Stages o f oocyte development in the pipefish, 
Svnganthus scovelli. Jour. Morph,, 197: 353-369.
Begovac, P.C. & R.A. Wallace, 1987. Ovary of the pipefish. Svneanthus scovelli. 
Jour. Morph., 193: 117-133.
Berglund, A , G, Rosenqvist & I. Svensson, 1986. Reversed sex roles and parental 
energy investment in zygotes o f two pipefish (Syngnathidae! species. Mar. 
Hcol, Prog, Ser., 29: 209-215.
Berglund, A ., Rosenqvist, G. & Svensson, I. 1986b. Mate choice, fecundity and 
sexual dimorphism in two pipefish species (Syngnathidae). Behav. Ecol. 
Sociobinl,, J9; 301-307.
Berglund, A., G. Rosenqvist & I. Svensson, 1988. Multiple matings and paternal 
hrood care in the pipefish Syngnathus ivnhle. Oikos. 51: 184-188.
Berglund, A ., Rosenqvist, G, & Svensson, I. 1986a, Reproductive success of females 
limited by males in two pipefish species. Amer, Nat,, 133 (4): 506-516.
Berglund, A. & G. Rosenqvist. 1993, Selective males and ardent females in 
pipefishes. Behav. Ecol. Sociohiol. 32: 3 3 L-336,
184
Bonzek, C .F ., P.J. Geer, J.A. Colvocoresses, & R. E. Harris, Jr. 1993- Juvenile 
finfish and blue crab stock assessment program. Special Scientific Report, 
College of William and Mary, VIMS, 1992 (124): 1-217.
Brook, I. 1977. Trophic relationships in a seagrass community (Thalassia
testudinum), in Card Sound, Florida. Fish diets in relation to macrohenthic 
and cryptic faunal abundance. Trans. Amer. Fish. Soc., 106: 219-229.
Brown, J.D, 1972. A comparative life history study of four species of pipefishes 
(Family Syngnathidae) in Florida. The University of Florida, PH.D. 
Dissertation.
Carolhers, J.H, 1984. Sexual selection and sexual dimorphism in some herbivorous 
lizards. Amer. Nat., 124: 244-254.
Carr, W .E.S., & C.A. Adams. J973. Food habits of juvenile marine fishes
occupying seagrass beds in Ihe estuarinc zone near Crystal River, Florida. 
Trans Am Fish. Soc., 102: 511-540.
Chao, L.N ., Pereira, L.F. & Vieira, J.P 1986. Esiuarine fish community of the 
Patos lagoon, Brasil. A baseline study. 429-450. In: Yanez-Arancibia, A. 
(Ed.), Fish community ecology in estuaries and coastal lagoons: toward an 
ecosystem integration. Mexico: DR (R) UNAM Press Mexico.
Cliarnov, E.L. & J.R. Krehs, 1974, On clutch size and fitness. Ibis, 116: 217-219.
Cunha, K.P.R. 1981. Variacao sazonal da distrihuicao, ahundancia e diversidade dos 
peixes na zona de arrebentavSo da praia do Cassino, RS-Brasil. M.Sc. Thesis, 
Universidade Federal do Rio de Janeiro, 47 p.
Dawson, C.F.. 1970, A Mississippi population of the opossum pipefish, Oustethus 
lineatus (Syngnathidae). Copda, (4): 772-773.
Dawson, C.E. 1982, Family Syngnathidae. In: J. E. Bolke (Ed ), Fishes of the 
western North Atlantic. Part Eight, Order Gasterostcjfonnes, Suborder 
Syngttathoidei. Sears Found, for Mar, Res., Yale University, New Haven, 
I98p.
Di Conza, J.J. &  W.J. Halliday. 1971. Relationship of catfish serum antibodies to
immunoglobulin in mucus secretions. Aust. J. Exp, Biol. Med. Sci., 49: 517- 
519.
E;iedler, K, 1954. Vergleichendc Verhaltensstudien an Seenadeln, Schlangennadeln 
und Seepferdchen (Syngnathidae), Z. Tierpsychol., 11: 358-416.
J 85
Figueiredo, J.L, & N.A. Mcne/cs. 1980. Manual de Peixcs Marinhos do Sudeste do 
Brasil. 111. Teleostei (2>. Muscu de Znologia da Universidade de Sao Paulo, 
Sao Paulo, 90p.
Finney, D.J. 1971. Probit analysis. 3rd edilion, Cambridge University Press, 
Cambridge, 333 p.
Fit/Gerald, G.J, 1992. Filial Cannibalism in fishes: why do parents eat their 
offspring? TREE, 7 (!}: 7-10.
Fletcher, T.C. & H.T. Grant. 1969. Immunoglobulins in the sernm and mucus of the 
plaice Pleumnectes platessa {L.). Biochem. J., 115: 65.
Fletcher, T.C. Sc. P.T, Grant. 1968. Glycoproteins in the external mucus secretions of 
the plaice Pteuronecces platesstx (L.) and other fishes, Biochem. J., 18: 12.
Fletcher, T.C. 1978. Dcfece Mechanism in Fish. 189-22. In: Malins, D.C. & J.R. 
Sargent (Eds). Biochemical and Biophysical Perspectives in Marine Biology. 
London, Academic Press, Vol IV.
Fletcher, T.C, & A, White. 1973. Lysozyme activity in plaice Pleuronectes p ia tesm  
(L,). Experiemia, 29: 1282-1285,
Franzoi, P., Maccagnani, R., Rossi, R, & Ceecherelli, V.U, 1993. Life cycles and
feeding habits of Syngnathus {aentorwius and S, abaster  (Pisces, Syngnathidae) 
in a brackish hay of the Po River Della (Adriatic Sea). Mai . Ecol, Prog. Ser., 
97: 71 81.
Freddctie, T.J., R.J, Diaz, J, Van Montfrans & R,j. Orth. 1990, Secondary
production within a seagrass bed (Zostera Marina and Rupia maritima) in 
lower Chesapeake Bay. Estuaries, 13 (4): 431-440.
Fritz, E.S. 1974. Total diet comparison in fishes by Spearman Rank Correlation 
Coefficients, Copeia, 1974: 210-214,
Gill, T. 1905. The life history of the sea-horses (Elippocampids). Proc. U.S. Natl. 
Mus., 28: 805-814.
Gilmore, R.G, 1977, Notes on the opossum pipefish, Oostethus lineatus, from the 
Indian River Lagoon and vicinity, Florida. Copeia, (4): 781-782,
Godfray, H.C.J, 1987. The evolution of invertebrate clutch size. Oxford Surv.
Evol. Biol., 4: 117-154.
1 8 6
Gordon, R,L, 1956. The paternal pipefish Nature Magazine, 49 (5): 243-244.
Grizzle, J.M. & W.A. Rogers. 1976. Anatomy and histology of the channel catfish. 
Auburn University, Auburn, 94 pp.
Grnnell, A.M. 1984. Courtship, spawning and social organization of the pipefish 
Corvihoichthvs intestinalis (Pisces: Syngnathidae) with notes on two 
congeneric species. Z. Tierpsychol., 65: 1-24.
Gudger, I:.W, 1905. The breeding hahits and segmentation of the eggs o f the 
pipefish, Siphostoma floridae. Proc. U.S. Natl, Mus,, 29: 447-499.
Haresign, T.W, & S.E. Shumway. 1980. Permeability o f the marsupium of the 
pipefish Syngnathus fuscus to ld,C-alpha amino isobutyric acid, Comp.
Biochem. Physiol,, 69a: 603-604.
llarrel, L.W., H.M. Etlingcr & II.O. Hudgins. 1976. Humoral factors important in 
resistance of salmonid fish to bacterial disease. II. Ami-vihrio anguillarom 
activity in mucus and observations on complement. Aquaculture, 7: 363-370.
Heck, K. L., Jr., &  T.A. Thoman. 1984. The nursery role of seagrass meadows in 
the upper and lower reaches of the Chesapeake Bay. Estuaries, 7 (1): 70-92.
llcck, K.L. & M,P, Weinstein. 1989. Feeding habits of juvenile reef fishes associated 
with Panamanian seagrass meadows. Bull. Mar. Sci., 45 (3): 629-636-
Herald. E.S. & C.E. Dawson, 1972, A new subspecies of the gulf pipefish,
Svnenathus scovelli makaxi (Pisces: Syngnathidae). Copeia, 1972 (4): 781- 
784.
Herald, E.S. 1943. Studies on the classification and interrelationships o f the American 
pipefishes, Ph.D. Thesis, Stanford Universily.
Herald, E.S. 1961. Living fishes o f the world. New York: DouhleJay,
llildehrand, S.E. and W.C. Schroeder. 1928. The fishes of Chesapeake Bay. Bull, 
U.S. Bur, Fish., 43:1-388.
Howard, R.K, and J.D, Koehn. 1985, Population dynamics and feeding ecology of 
pipefish (Syngnathidae) associated with eelgrass beds of Western Port,
Victoria. Aust. J. Mar, Freshw. Res., 36: 361-370.
187
Elliot, A. 1902. Recherche* sur le poissons lophobranches. Ann. Sci, Nat, (Z o o lj, 8 
(14): 197 288,
Ilyslop, F,.J. 1980. Stomach content analysis - a review oF methods and their 
application. Jour. Fish Bio]., 17: 411-429.
Ingram, G.A, 1980. Substances involved in the naiural resistance o ffish  to infection - 
A review. J. Fish Biol., 16: 23-60.
Keenleyside, M.EI.A. 1979. Diversity and Adaptation in Fish Behaviour. Springer- 
Vertag, Elerlin, 208 pp.
Kikuchi, T. & J.M. Peres. 1977, Consumer ecology o f seagrass beds. In: McRoy, 
C.P. & Cr llelffrich (Fds,), Seagrass Ecosystems: a scientific perspective 
Marcell Dekker, Inc., New York and Basel, pp, 147-193,
Kronester-Frei, A. 1975, Lighl and electron microscopjal studies o f the brood
epithelium of the male Nerophis lumbriciformis (Pennant 1716), Syngnathidae, 
with special reference to the structural changes in the egg membrane (zona 
rad lata). Forma Funclio, 8: 419-462.
Lack, D, 1947. The significance of clutch size. Ibis, 89: 309-352,
Lande, R. 1987. Genetic correlations between the sexes in the evolution of sexual 
dimorphism and mating preferences, 83-93, In: Bradbury J.W. & M.B. 
Andersson (Eds.), Sexual Selection: Testing the Alternatives. Chichester, John 
Wiley &  Sons, 307 p.
Lascara, J. 1981. Fish predalor-prey interactions in areas of eelgrass (Zostcra 
marina). M.Sc. Thesis, Virginia Insiitute o f Marine Science, 81 pp.
Lazzani, M,A. and K.W. Able. 1990. Nonhem pipefish, Svnganthus fuscus.
occurrences over the Mid-Atlantic Bight continental shelf: evidence of seasonal 
migraiion. Env. Biol. Fish., 27: 177-185.
Uley, N.R. & N.E. Stacey. 1983. Hormones, pherormones, and reproductive
behaviour in fish, pp. 1-63. In: Hoar, W .S., D.J. Randall & F..M. Donaldson 
(Eds ), Fish Physiology Academic Press, New York, 477pp.
Linton, J R. & B,L. Soloff, 1964, The physiology of the brood pouch of the male 
seahorse, Hvnnocamnus erectus. Bull. Mar. Sci, Gulf Caribb., 14: 45-61,
Lockwood, S, 1867, The seahorse (Hvpoocampus hudsonius) and its young, Amer. 
Nat., 1 (5): 225-234,
188
Mercer. L.P. 1973. The comparative ecology of two species of pipefish
{Syngnathidae J in the York River, Virginia, M. Sc. Thesis, Virginia Institute 
of Marine Science, The College of William and Maty, 37p,
Orth, R.J. & K.A. Moore, 1984. Distribution and abundance of submerged aquatic 
vegetation in Chesapeake Bay: an historical perspective, Estuaries, 7 <48): 
531-540.
Orllt, R.J, & K.L. Eleck, Jr. 1980. Structural components o f eelgrass fZostera 
marina) meadows in the lower Chesapeake Bay-Fishes. Estuaries, 3 (4>: 
278-288.
Partridge, L. & R. Sibly. I9y i. Constrains in the evolution of life history, 3-13. In: 
Harvey, P H ., L Partridge & T.R.E, South wood lEds.), The evolution of  
Reproductive strategies. Phil. Trans. R. Soc. Lond. B 332.
Partridge, L. &  Halliday, T. 1984. Mating patterns and mate choice. 223-250. In: 
Krebs, J R. & Davies, N.B-, Behavioural Ecology. An Evolutionary 
Approach. Oxford: Blackwell Scientific Publications.
Pennak, R.W. 1953. Fresh-Waier Invertebrates o f the United Stales. The Ronald 
Press Company, New York, 769 p.
Perrone, E,C, 1989. Distrihuigao sazonal e epoca de reproduce do peixe-cachimho, 
Oostethus lineatus (Pisces: Syngnathidae) cm um trecho do Rio Jucu-ES, Rev. 
Cult UFES, (41/42): 121-126.
Pfeiffer, W. 1963. The fright reaction in North American fish. Can J. Zuol., 41; 69- 
77.
Pullard, D A, 1984, A review of ecological studies on seagrass-fish communities,
with particular reference to recent studies in Australia. Aquat. liot., 18: 3-42.
Potts, G.W. 1984, Parental behaviour in lemperate marine telost with special
reference to the development of nest structures, pp. 223-244. In: Polls, G.W. 
& R.J. Wootion (Eds ), Pish Reproduction: Strategics and tactics. Academic 
Press, London, 410 pp.
Quasi, W.D. & N.R. Ilowc. 1980, The osmotic role of the brood pouch in the 
pipefish Svngnathus scovelli. Comp, Biochem. Physiol. 67a: 675-678,
Rauther, M. 1925. Die Syngnathiden des Golfes von Neapel. Fauna e Flora 
del Golfo di Napoli, Monographic 36.
189
Reid, G.K., Jr. 1954, An ecological study of ihe Gulf of Mexico fishes in the vicinity 
of Cedar Key, Florida. Bull. Mar. Sci. Gulf and Carihb,, 4 < 1)r 1-94.
Ridley, M. 1978. Paternal care. Anim. Bellav., 26:904-932.
Rosen, M.W. & N.E. Corn ford. 1971. Fluid friction of fish skins. Nature, 234:
49-5L.
Rosenqvisi, G, 1990, Mate choice and sexual selection in two species o f sex-role 
reversed pipefish (Syngnaihidae). Ph.D. Dissertation, Uppsala University, 
Sweeden.
Rosenqvisu G- 1993. Sex role reversal in a pipefish. Mar. Behav, Physiol., 23: 
219-230,
Ryer, C. H. 1981. The feeding ecology and trophic role of the northern pipefish. 
Svngnathus fuscus. in a lower Chesapeake Bay seagrass community. M. Sc, 
Thesis, Virginia Institute of Marine Science, The College o f William and 
Mary, 77 p.
Ryer, C.II. 1988. Pipefish foraging: effects offish  size, prey size and altered habitat 
complexity. Mar. Ecol. Prog, Ser., 48: 37-45.
Ryer, C.H. and R.J. Orth. 1987. Feeding ecology of the northern pipefish,
SvnEitathus fuscus, in a seagrass community of the lower Chesapeake Bay 
Kstuaries, 10 (4): 330-336.
Sargent, R.G. & Gross, M.K. 1986, William’s principle: an explanation of parental 
care in teleost fishes, pp, 275-293. In: Pilcher, T.J., The behaviour of telcost 
fishes. London &  Sydney: Croom Helm,
SAS Institute, Inc. 1985. SAS User’s Guide: Statistics, Version 5 Edition. Cary,
Norih Carolina. 956 p.
Sclioener, T.W, 1970. Non-synchronous spatial overlap of lizards in patchy habitats. 
Ecology, 51: 408-418.
Slaikin, M 1984. Ecological causes of sexual dimorphism. Evolution, 38: 622-630.
Smith, C. & P. Reay. 1991, Cannibalism in teleost fish. Rev, Fish Biol. Fish., I: 41- 
64.
190
Smith, J.M. 1984, The ecology of Sex. 201-22]. In: Krebs, J.R, & Davies, N.H.,
Behavioural Ecology. An Evolutionary Approach, Oxford: Blackwell Scientific 
Puhlications,
Snodgrass, J.W. 1992. Comparison of fishes occurring in alga and seagrass habitats 
on the east coast of Florida. Northeast Gulf Science, 12 (2): ] 19-128.
Spanhof, L, & El. Bremer. 1969. Histophysiologische Untersuchungen zur Bruipflege 
hei Syngnathiilen. Umnul. (Berlin), 7(1}: 163-166.
Steffe, A.S., Westoby, M. & Bell, J.D. 1989. Habitat selection and diet in two
species of pipefish from seagrass: sex differences. Mar. Ecol, Progr. Scr., 55: 
23-30.
Stoner, A.W. 1979. The macrobenthos of seagrass meadows in Apalachee Bay,
Florida, and the feeding ecology of Lapodon rhomboides (Pisces: Sparidae).
Ph. P. Pissertauon, Florida State University, Tallahassee.
Strawn, K. 1958. Life history of the pigmy seahorse. Hippocampus zosterae Jordan 
and Gilbert, at Cedar Key, I:lorida. Copeia, 1958 (1): 16-22,
Svensson, L 1988. Reproductive costs in two se-rolc reversed pipefish species 
(Syngnathidae), 57: 929-942.
Taylor, M IL 1990. Estuarine and intertidal teleosts, 109-143, In: Munro, A .D .,
A,P. Scott & T.J, Lam (Eds.), Reproductive seasonality in teleosts: 
Environmental influences. Boca Raton, Florida: CRC Press, Inc,, 254 p.
Thevenin, R. 1936. The curious life habits of the sea horse, Nal, Nisi. March 1936: 
211 - 222 ,
Thornhill, R. 1986. Relative parental contribution of the sexes to their offspring and 
the operation of sexual selection. En: Nitecki, M .ll. & Kitchell, J,A., 
Evolution of Animal Behaviour: Paleontological and Field Approaches. New 
York: Oxford University Press.
Tinkle, D.W., Wilbur, H.M, & Tilley, S.G. 1979. Evolutionary strategies in lizard 
reproduction. Evolution, 24: 55-74.
Turner, G. 1986. Teleost mating systems and strategies. 253-274. In: Pitcher,
T.J. (Fd,), The behavior of teleost fishes. Baltimore: The Johns Hopkins 
University Press, 553 p.
191
Van Oosten* J. 1957. The skin and scales, pp. 207-244, in: Brown, M E., Ld.), The 
Physiology of Fishes. New York* Academic Press.
Vincent, A., I. Ahnesjo, A. Hergtund & G, Rosenqvist. 1992. Pipefishes and 
seahorses: are they all sex role reversed? TREE, 7 (7): 237*24],
Werrem* J.H.* M R .  Gross & R. Slone 1980. Paternity and the evolution of male 
parental care. Journal o f Theoretical Biology, 82: 619-63 L
Williams, G.C. 1966. Natural selection, costs of reproduction and a refinement of 
la ck ’s Principle. Amer Nat,, 100: 687-690.
Williams, G. C, 1977. Sex and Evolution Prineelon, Princeton University Press, 
2G0p.
[92
VITA 
Roglrio Lulz Tetxeira
Bom in Santa Teresa, Esplrito Santo, Brazil* on 12 February 1959. Received 
a US degree in Biology from Universidade Federal do Espirito Santo, ESh Brazil* in 
1981 Received a MS in Biological Oceanography from Fundagao Univcrsidade do 
Rio Grande, RS, Brazil, in 1987. In 1991 granted a 4,5 year full time scholarship 
from the Brazilian government (CNPq) to complete graduate work in The School of 
Marine Science of The College of William and Mary,
